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INTRODUCTION 


UNLIKE many other Oxford Readings in Philosophy we already have 
three essential works in the field that are cheap and readily available. 
These are T. S. Kuhn’s The Structure of Scientific Revolutions [1], Imre 
Lakatos’s ‘Falsification and the Methodology of Research Programmes’ 
[50], and Paul Feyerabend’s Against Method [67].* These works give us 
a new way to do the philosophy of science, as well as vivid phrases such 
as ‘paradigm’, ‘incommensurable’, and ‘research programme’. Undoubt- 
edly Kuhn’s book, published in 1962, is the starting-point. Many other 
workers had related ideas ‘whose time had come’ but the power, sim- 
plicity, and vigour of Kuhn’s analysis set the pace. Anyone interested in 
the philosophy of science has to read his book. This introductionis merely 
a review of some of the things that he said. K 

The Structure of Scientific Revolutions opens by saying that ‘History , 
if viewed as a repository for more than anecdote or chronology, could 
produce a decisive transformation in the image of science by which we 
are now possessed.’ What was this ‘image of science’ that Kuhn was about 
to change? It was undoubtedly some combination of the following nine 
points. 

1. Realism. Science is an attempt to find out about one real world. 
Truths about the world are true regardless of what people think, and 
there is a unique best description of any chosen aspect of the world. 

2. Demarcation. There is a pretty sharp distinction between scientific 
theories and other kinds of belief. 

3. Science is cumulative. Although false starts are common enough, 
science by and large builds on what is already known. Even Einstein is 
a generalization of Newton. 

4. Observation-theory distinction, There is a fairly sharp contrast 
between reports of observations and statements of theory. 

5. Foundations. Observation and experiment provide the foundations 
for and justification of hypotheses and theories. 

6. Theories have a deductive structure and tests of theories proceed 
by deducing observation-reports from theoretical postulates. 


* Numbers in square brackets denote items in the Bibliography, pages 169-76 
below. 
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7. Scientific concepts are rather precise, and the terms used in science 
have fixed meanings. 

8. There is a context of justification and a context of discovery. We 
should distinguish (a) the psychological or social circumstances in which 
a discovery is made from (b) the logical basis for justifying belief in the 
facts that have been discovered. 

9. The unity of science. There should be just one science about the 
one real world. Less profound sciences are reducible to more profound 
ones. Sociology is reducible to psychology, psychology to biology, bi- 
ology to chemistry, and chemistry to physics. 

No single philospher has maintained exactly these nine points, but 
they form a useful collage not only of technical philosophical discussion 
but also of a widespread popular conception of science. Articles II and 
III below, by Shapere and Putnam, begin with good brief accounts of 
some pre-1960 philosphy of science. Consider for example just three phil- 
osophers of great influence, all of whom emigrated from Germany or 
Austria in the 1930s. Karl Popper (who is represented by article IV below) 
took his central problem to be 2, the demarcation between science and 
non-science, He always rejected 5, the idea that science has foundations, 
and he increasingly questioned 4, the observation-theory distinction. 
In contrast Rudolf Carnap (1891-1970) emphasized foundations, and 
Hans Reichenbach (1891-1953) paid particularly close attention to 8 
the justification-discovery distinction. All these workers were scientific 
realists in the sense of 1, and all matured in a tradition in which 9, the 
unity of science, was taken for granted. 

What alternative picture of science did Kuhn present? Some of his 
theses can also be summed up in a few points. 

i A. Normal science and revolution. Once a specific science has been 
individuated at all, it characteristically passes through a sequence of 
normal science—crisis—revolution—new normal science. ‘Normal science’ 
is chiefly puzzle-solving activity, in which research workers try both to 
extend successful techniques, and to remove problems that exist in some 
established body of knowledge. Normal Science is conservative, and its 


researchers are praised for doing more of the same, better. But from 
time to time the anomalies in so: i l 


and there seems no way to cope wi 
plete rethinking of the material 


ing a problem which then serves as a model for future workers. Then 
there is the paradigm-as-set-of-shared values. This means the methods, 
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standards, and generalizations shared by those trained to carry on the 
work that models itself on the paradigm-as-achievement. The social unit 
that transmits both kinds of paradigm may be a small group of perhaps 
one hundred or so scientists who write or telephone each other, compose 
the textbooks, referee papers, and above all discriminate among problems 
that are posed for solution. 

C. Crisis. The shift from one paradigm to another through a revolution 
does not occur because the new paradigm answers old questions better. 
Nor does it occur because there is better evidence for the theories associ- 
ated with the new paradigm than for the theories found in the old para- 
digm. It occurs because the old discipline is increasingly unable to solve 
pressing anomalies. Revolution occurs because new achievements present 
new ways of looking at things, and then in turn create new problems for 
people to get on with. Often the old problems are shelved or forgotten. 

D. Incommensurability . Successive bodies of knowledge, with differ- 
ent paradigms, may become very difficult to compare. Workers in a 
post-revolutionary period of new normal science may be unable even to 
express what the earlier science was about (unless they become very 
perceptive historians). Since successive stages of a science may address 
different problems, there may be no common measure of their success— 
they may be incommensurable. Indeed since abstract concepts are often 
explained by the roles they play in theorizing, we may not be able to 
match up the concepts of successive stages of a science. Newton’s term 
‘mass’ may not even mean what it does in Einstein’s relativistic physics. 

E. Noncumulative science. Science is not strictly cumulative because 
paradigms—in both senses of the word—determine what kind of questions 
and answers are in order. With a new paradigm old answers may cease 
to be important and may even become unintelligible. 

F. Gestalt switch. ‘Catching on’ to a new paradigm is a possibly sudden 
transition to a new way of looking at some aspect of the world. A para- 
digm and its associated theory provide different ways of ‘seeing the 
world’. 

Perhaps the fundamental contrast between the image 1-9 and Kuhn’s 
A-F lies not so much in a head-on collision about specifics as in a differ- 
ent conception of the relation between knowledge and its past. The old 
image was ahistorical and used the history of science merely to provide 
examples of logical points. Kuhn and many of the authors represented 
in this anthology think that the contents of a science and its methods 
of reasoning and research are integrally connected with its historical 
development. It is in consequence of this point of view that Kuhn is at 
odds, in varying degrees, with all of 1-9. 

Point 3 says science is cumulative; Kuhn’s E denies it. He rejects a 


4 INTRODUCTION 


sharp observation-theory distinction because the things that we notice, 
and the ways we see or at least describe them, are in large part determined 
by our models and problems. There is no ‘timeless’ way in which obser- 
vations support or provide foundations for theory. The relations between 
observation and hypothesis may differ in successive paradigms. Hence 
there is no pure logic of evidence or even of testing hypotheses, for each 
paradigm, in its own day, helps fix what counts as evidence or test. Nor 
do the theories used in research have tidy deductive structures. Their con- 
cepts are usually more pliable than precise. The paradigm-as-achievement 
is commonly taught not by giving axioms and making deductions, but 
by giving examples of solved problems and then using exercises in the 
textbook to get the apprentice to catch on to the method of problem 
solution. There are even some analogies between changes of. taste and 
style during artistic revolutions, and changes of paradigm in science. 
Hence Kuhn dissents from all of 2-8. 

As for 9, the unity of science, Kuhn will agree that it has been a suc- 
cessful strategy to unite branches of science or reduce one to the other. 
The near success of some reductions is itself an achievement on which 
other attempts are modelled. Yet the spirit of Kuhn’s approach runs 
counter to the unity of science. There is a plurality rather than a unity 
in representations of the world, and successive representations address 
different problems which need have very little common subject matter. 

The unity of science takes for granted 1, scientific realism, the idea 
that there is just one real world that we try to find out about, Much of 
what Kuhn writes is consistent with the idea of a reality for which we 
construct different representations. Realism is compatible with D, in- 
commensurability, for representations arising from attempts to answer 
different problems need not mesh well with each other—perhaps the 
world is too complicated for us to get one comprehensive theory. Even 
if our theories are plural and incommensurable we could still think of 
them aiming at different aspects of one totality. However some of Kuhn’s 
words, on which he lays considerable importance, go a good deal further 
than denying the unity of science. He suggests a much stronger doctrine, 
that in deploying successive paradigms we rather literally come to inhabit 
different worlds. 

; In conclusion I should like to correct three widespread misapprehen- 
sions. First, Kuhn has been thought to urge that philosophy of science 
should become part of the sociology of knowledge. In particular we might 
replace the ‘internal’ history of science—which studies the development 
of the actual content of a science—by an ‘external’ study of the groups 
who practice science, and the economic, political, social, educational, 
and communicational environment in which they find themselves. Now 
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Kuhn has certainly inspired many sociologists, but he regards detailed 
internal history as essential. Nor is this just a point about Kuhn. To under- 
stand the paradigm-as-achievement you must understand what has been 
achieved. Kuhn’s most recent book [9] is just such an ‘internal’ study 
of the early days of quantum mechanics—not ‘internal’ in the sense of 
excluding all other factors, but ‘internal’ in demanding an intimate and 
precise knowledge of the science of the day. 

Secondly, because Kuhn is such a marvellous popularizer, some readers 
assume that one can discuss his issues without much attention to the 
details of any science. It isa chief defect of this anthology that it includes 
no serious history of any science, nor does it provide any understanding 
of what it feels like to work through some rather alien older science. Just 
that experience determined Kuhn’s own philosophy. His paper on thermo- 
dynamics [3] is a valuable elementary example of his historical work. 

Thirdly, the excellence of his most famous book as a polished system 
of philosophy may leave the feeling that Kuhn’s other essays just reiterate 
the themes of The Structure of Scientific Revolutions. I do not think 
this is so. Consider for example his remarkable thesis that measurement 
plays very little role in physical science until after the 1840s, when it 
becomes an integral part of almost all experimentation [4] . That paper 
tries to find ‘a function for measurement’, just as the selection below is 
called ‘a function for thought experiments’. He starts with something 
commonplace to which we pay little attention. Should one have to find 
a function for measurement in physical science? Kuhn startles us by say- 
ing that measurement has not always had its present role in experimental 
science, and that even today it is not used in the ways that everyone takes 
for granted. Thus he creates a new problem. He tries to solve it in a new 
framework. Kuhn’s ability to transform the way in which we understand 
the familiar is one of the reasons for counting this historian among the 


major philosophers of today. 
kok k 


Readers may wish to know that the selections by Kuhn and Feyerabend 
were their own choices. I wish to express special thanks to Larry Laudan 
for writing a new paper for this collection. 
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A FUNCTION FOR THOUGHT 
EXPERIMENTS 


T. S. KUHN 


THOUGHT experiments have more than once played a critically im- 
portant role in the development of physical science. The historian, at 
least, must recognize them as an occasionally potent tool for increasing 
man’s understanding of nature. Nevertheless, it is far from clear how 
they can ever have had very significant effects. Often, as in the case of 
Einstein’s train struck by lightning at both ends, they deal with situations 
that have not been examined in the laboratory.! Sometimes, as in the 
case of the Bohr-Heisenberg microscope, they posit situations that could 
not be fully examined and that need not occur in nature at all.? That 
state of affairs gives rise to a series of perplexities, three of which will 
be examined in this paper through the extended analysis of a single 
example. No single thought experiment can, of course, stand for all of 
those which have been historically significant. The category ‘thought 
experiment’ is in any case too broad and too vague for epitome. Many 
thought experiments differ from the one examined here. But this par- 
ticular example, being drawn from the work of Galileo, has an interest 


From L'aventure de la science, Mélanges Alexandre Koyré, Vol. 2., pp. 307-34. 
Copyright © Hermann, Paris 1964. By permission. 


xperiment onl ight signal i mirror 
reflection taking the place of the oth p A senal is used; 
2w. Heisenberg, ‘Ueber den 


quantum mechanical principles does not 
thought experiment. 
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all its own, and that interest is increased by its obvious resemblance to cer- 
tain of the thought experiments which proved effective in the twentieth- 
century reformulation of physics. Though I shall not argue the point, 
I suggest the example is typical of an important class. 

The main problems generated by the study of thought experiments 
can be formulated as a series of questions. First, since the situation 
imagined in a thought experiment clearly may not be arbitrary, to what 
conditions of verisimilitude is it subject? In what sense and to what 
extent must the situation be one that nature could present or has in fact 
presented? That perplexity, in turn, points to a second. Granting that 
every successful thought experiment embodies in its design some prior 
information about the world, that information is not itself at issue in 
the experiment. On the contrary, if we have to do with a real thought 
experiment, the empirical data upon which it rests must have been both 
well known and generally accepted before the experiment was even con- 
ceived. How, then, relying exclusively upon familiar data, can a thought 
experiment lead to new knowledge or to new understanding of nature? 
Finally, to put the third question most briefly of all, what sort of new 
knowledge or understanding can be so produced? What, if anything, can 
scientists hope to learn from thought experiments? 

There is one rather easy set of answers to these questions, and I shall 
elaborate it, with illustrations drawn from both history and psychology, 
in the two sections immediately to follow. Those answers—-which are 
clearly important but, I think, not quite right--suggest that the new 
understanding produced by thought experiments is not an understanding 
of nature but rather of the scientist’s conceptual apparatus. On this 
analysis, the function of the thought experiment is to assist in the elim- 
ination of prior confusion by forcing the scientist to recognize contradic- 
tions that had been inherent in his way of thinking from the start. Unlike 
the discovery of new knowledge, the elimination of existing confusion 
does not seem to demand additional empirical data. Nor need theimagined 
situation be one that actually exists in nature. On the contrary, the 
thought experiment whose sole aim is to eliminate confusion is subject 
to only one condition of verisimilitude. The imagined situation must be 
one to which the scientist can apply his concepts in the way he has 
normally employed them before. 

Because they are immensely plausible and because they relate closely 
to philosophical tradition, these answers require detailed and respectful 
examination. In addition, a look at them will supply us with essential 
analytic tools. Nevertheless, they miss important features of the historical 
situation in which thought experiments function, and the last two sec- 
tions of this paper will therefore seek answers of a somewhat different 
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sort. The third section, in particular, will suggest that it is significantly 
misleading to describe as ‘self-contradictory’ or ‘confused’ the situation 
of the scientist prior to the performance of the relevant thought experi- 
ment. We come closer if we say that thought experiments assist scientists 
in arriving at laws and theories different from the ones they had held 
before. In that case, prior knowledge can have been ‘confused’ and ‘con- 
tradictory’ only in the rather special and quite unhistorical sense which 
would attribute confusion and contradiction to all the laws and theories 
that scientific progress has forced the profession to discard. Inevitably, 
however, that description suggests that the effects of thought experi- 
mentation, even though it presents no new data, are much closer to those 
of actual experimentation than has usually been supposed. The last sec- 
tion will attempt to suggest how this could be the case. 


The historical context within which actual thought experiments assist 
in the reformulation or readjustment of existing concepts is inevitably 
extraordinarily complex. I therefore begin with a simpler, because non- 
historical, example, choosing for the purpose a conceptual transposition 
induced in the laboratory by the brilliant Swiss child psychologist Jean 
Piaget. Justification for this apparent departure from our topic will 
appear as we proceed. Piaget dealt with children, exposing them to an 
actual laboratory situation and then asking them questions about it. In 
slightly more mature subjects, however, the same effect might have been 
produced by questions alone in the absence of any physical exhibit. If 
those same questions had been self-generated, we would be confronted 
with the pure thought-experimental situation to be exhibited in the next 
section from the work of Galileo. Since, in addition, the particular trans- 
Position induced by Galileo’s experiment is very nearly the same as the 
one produced by Piaget in the laboratory, we may learn a good deal by 
beginning with the more elementary case. 

” Piaget’s laboratory situation presented children with two toy autos of 
different colors, one red and the other blue.? During each experimental 
exposure both cars were moved uniformly in a straight line. On some 
occasions both would cover the same distance but in different intervals 
of time. In other exposures the times required were the same, but one 
car would cover a greater distance. Finally, there were a few experiments 
during which neither the distances nor the times were quite the same. 
After each run Piaget asked his subjects which car had moved faster and 
how the child could tell. 

In considering how the children responded to the questions, I restrict 


* J. Piaget, Les notions de mouvement et de vitesse chez I’ i 46) 
; 5 e enfant (Paris, 1946), 
particularly chap. 6 and7. The experiments described below are r chapter- 
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attention to an intermediate group, old enough to learn something from 
the experiments and young enough so that its responses were not yet 
those of an adult. On most occasions the children in this group describe 
as ‘faster’ the auto that reached the goal first or that had led during most 
of the motion. Furthermore, they would continue to apply the term in 
this way even when they recognized that the ‘slower’ car had covered 
more ground than the ‘faster’ during the same amount of time. Examine, 
for example, an exposure in which both cars departed from the same line 
but in which the red started later and then caught the blue at the goal. 
The following dialogue, with the child’s contribution in italics, is then 
typical. ‘Did they leave at the same time?’—‘No, the blue left first.’—‘Did 
they arrive together?’—‘Yes.’—‘Was one of the two faster, or were they 
the same?’—‘The blue went more quickly. Those responses manifest 
what for simplicity I shall call the ‘goal-reaching’ criterion for the applica- 
tion of ‘faster’. 

. If goal reaching were the only criterion employed by Piaget’s children, 
there would be nothing that the experiments alone could teach them. We 
would conclude that their concept of ‘faster’ was different from an 
adult’s but that, since they employed it consistently, only the intervention 
of parental or pedagogic authority would be likely to induce change. 
Other experiments, however, reveal the existence of a second criterion, 
and even the experiment just described can be made to do so. Almost 
immediately after the exposure recorded above, the apparatus was re- 
adjusted so that the red car started very late and had to move especially 
rapidly to catch the blue at the goal. In this case, the dialogue with the 
same child went as follows. ‘Did one go more quickly than the other?’— 
‘The red.—‘How did you find that out??—1 WATCHED IT.” Apparently, 
when motions are sufficiently rapid, they can be perceived directly and 
as such by children. (Compare the way adults ‘see’ the motion of the 
second hand on a clock with the way they observe the minute hand’s 
change of position.) Sometimes children employ that direct perception 
of motion in identifying the faster car. For lack of a better word I shall 
call the corresponding criterion ‘perceptual blurriness’. 

It is the coexistence of these two criteria, goal-reaching and perceptual 
blurriness, that makes it possible for the children to learn in Piaget’s 
laboratory. Even without the laboratory, nature would sooner or later 
teach the same lesson as it has to the older children in Piaget’s group. 
Not very often (or the children could not have preserved the concept for 


* Ibid., p. 160, my translation. 

5 Ibid., p. 161, my emphasis. In this passage I have rendered ‘plus fort’ as more 
quickly; in the previous passage the French was ‘plus vite.’ The experiments them- 
selves indicate, however, that in this context though perhaps not in all, the answers 
to the questions ‘plus fort?’ and ‘plus vite?’ are the same. 
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so long) but occasionally nature will present a situation in which = = 
whose directly perceived speed is lower nevertheless reaches the goal fir: 4 
In this case the two clues conflict; the child may be led to say that bot A 
bodies are ‘faster’ or both ‘slower’ or that the same body is both — 
and ‘slower’. That experience of paradox is the one generated by Piage 

in the laboratory with occasionally striking results. Exposed toa ag 
paradoxical experiment, children will first say one body was ‘faster’ an 

then immediately apply the same label to the other. Their answers be- 
come critically dependent upon minor differences in the experimental 


arrangement and in the wording of the questions. Finally, as they be- 
come aware of the apparent! 


those children who are either 


result, some of them change 
cating it. The original conc 
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must be normal, the full situation need not be. Presented with an ani- 
mated cartoon showing the paradoxical motions, the child would reach 
the same conclusions about his concepts, even though nature itself were 
governed by the law that faster bodies always reach the goal first. There 
is, then, no condition of physical verisimilitude. The experimenter may 
imagine any situation he pleases so long as it permits the application of 
normal cues. 


Tum now to an historical, but otherwise similar, case of concept re- 
vision, this one again promoted by the close analysis of an imagined 
situation. Like the children in Piaget’s laboratory, Aristotle’s Physics and 
the tradition that descends from it give evidence of two disparate criteria 
used in discussions of speed. The general point is well known but must 
be isolated for emphasis here. On most occasions Aristotle regards motion 
or change (the two terms are usually interchangeable in his physics) as a 
change of state. Thus ‘every change is from something to something—as 
the word itself metabole indicates’. Aristotle’s reiteration of statements 
like this indicates that he normally views any noncelestial motion as a 
finite completed act to be grasped as a whole. Correspondingly, he 
measures the amount and speed of a motion in terms of the parameters 
which describe its end points, the termini aquo and ad quem of medieval 
physics. 

The consequences for Aristotle’s notion of speed are both immediate 
and obvious. As he puts it himself, ‘The quicker of two things traverses 
a greater magnitude in an equal time, an equal magnitude in less time, 
and a greater magnitude in less time. Or elsewhere, ‘There is equal 
velocity where the same change is accomplished in an equal time.” In 
these passages, as in many other parts of Aristotle’s writings, the implicit 
notion of speed is very like what we should call ‘average speed’, a quan- 
tity we equate with the ratio of total distance to total elapsed time. Like 
the child’s goal-reaching criterion, this way of judging speed differs from 
our own. But again, the difference can do no harm so longas the average- 
velocity criterion is itself consistently employed. 

Yet, again like Piaget’s children, Aristotle is not, from a modern view- 
point, everywhere entirely consistent. He, too, seems to possess a cri- 
terion like the child’s perceptual blurriness for judging speed. In par- 
ticular, he does occasionally discriminate between the speed of a body 
near the beginning and near the end of its motion. For example, in 


7 Aristotle, Physica, trans. R. P. Hardie and R. K. Gaye, in The Works of Aristotle, 


vol. 2 (Oxford, 1930), 22435-22581. 
® Ibid., 232a25-27. 
° Ibid., 249b4-5. 
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distinguishing natural or unforced motions, which terminate in rest, from 
violent motions, which require an external mover, he says, ‘But whereas 
the velocity of that which comes to a standstill seems always to increase, 
the velocity of that which is carried violently seems always to decrease.’!° 
Here, as in a few similar passages, there is no mention of endpoints, of 
distance covered, or of time elapsed. Instead, Aristotle is grasping directly, 

` and perhaps perceptually, an aspect of motion which we should describe 
as ‘instantaneous velocity’ and which has properties quite different from 
average velocity. Aristotle, however, makes no such distinction. In fact, 
as we shall see below, important substantive apsects of his physics are 
conditioned by his failure to discriminate. As a result, those who use 
the Aristotelian concept of speed can be confronted with paradoxes quite 
like those with which Piaget confronted his children. 

We shall examine in a moment the thought experiment which Galileo 
employed to make these paradoxes apparent, but must first note that 
by Galileo’s time the concept of speed was no longer quite as Aristotle 
had left it. The well-known analytic techniques developed during the 
fourteenth century to treat latitude of forms had enriched the concep- 
tual apparatus available to students of motion. In particular, it had in- 
troduced a distinction between the total velocity of a motion, on the 
one hand, and the intensity of velocity at each point of the motion, on 
the other. The second of these concepts was very close to the modern 
notion of instantaneous velocity; the first, though only after some im- 
portant revisions by Galileo, was a long step toward the contemporary 
concept of average velocity." Part of the paradox implicit in Aristotle’s 
concept of speed was eliminated during the Middle Ages, two centuries 
and a half before Galileo wrote. 

f That medieval transformation of concepts was, however, incomplete 
in one important respect. Latitude of forms could be used for the com- 
parison of two different motions only if they both had the same ‘exten- 
sion’, covered the same distance, that is, of consumed the same time. 
Richard Swineshead’s statement of the Mertonian rule should serve to 
make apparent this too often neglected limitation: If an increment of 
velocity were uniformly acquired, then ‘just as much space would be 
traversed by means of that increment . . .as by means of the mean degree 
[or intensity of velocity] of that increment, assuming something were 
to be moved with that mean degree [of velocity] throughout the whole 
time’.’? Here the elapsed time must be the same for both motions, or the 
rr ae 
a ISCUSS: i i i 
Marshall Clagett, The Science of Mechanice 'n the Middle tas Madison, Wis. 


1959), part 2. 
12 Ibid., p. 290. 
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technique for comparison breaks down. If the elapsed times could be 
different, then a uniform motion of low intensity but long duration could 
have a greater total velocity than a more intense motion (i.e., one with 
greater instantaneous velocity) that lasted only a short time. In general, 
the medieval analysts of motion avoided this potential difficulty by re- 
stricting their attention to comparisons which their techniques could 
handle. Galileo, however, required a more general technique and in 
developing it (or at least in teaching it to others) he employed a thought 
experiment that brought the full Aristotelian paradox to the fore. We have 
two assurances that the difficulty was still very real during the first third 
of the seventeenth century. Galileo’s pedagogic acuteness is one—his 
text was directed to real problems. More impressive, perhaps, is the fact 
that Galileo did not always succeed in evading the difficulty himself. 
The relevant experiment is produced almost at the start of ‘The First 
Day’ in Galileo’s Dialogue concerning the Two Chief World Systems. '* 
Salviati, who speaks for Galileo, asks his two interlocutors to imagine 
two planes, CB vertical and CA inclined, erected the same vertical distance 
over a horizontal plane, AB. To aid the imagination Salviati includes a 
sketch like the one below. Along these two planes, two bodies are to be 


Cc 


B 


ut friction from a common starting point 
ocutors to concede that, when the 
they will have acquired the 
that is, to carry them again 


A 


imagined sliding or rolling witho 
at C. Finally, Salviati asks his interl 
sliding bodies reach A and B, respectively, 

same impetus or speed, the speed necessary, 
of this sort occurs in ‘The Second Day’ of Galileo’s 
Dialogue concerning the Two Chief World Systems (see the translation by Stillman 
Drake [Berkeley. 1953], pp- 199-201). Galileo there argues that no material body, 
however light, will be thrown from a rotating earth even if the earth rotates far 
faster than it does. That result (which Galileo’s system requires—his lapse, though 
surely not deliberate, is not unmotivated) is gained by treating the terminal velocity 
of a uniformly accelerated motion as though it were proportional to the distance 
covered by the motion. The proportion is, of course, a straightforward consequence 
of the Mertonian rule, but it is applicable only to motions that require the same 
time. Drake’s notes to this passage should also be examined since they supply a 


somewhat different interpretation. 
14 Ibid., pp. 22-27. 


13 The most significant lapse 
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to the vertical height from which they started.’ That request also is 
granted, and Salviati proceeds to ask the participants in the dialogue 
which of the two bodies moves faster. His object is to make them realize 
that, using the concept of speed then current, they can be forced to admit 
that motion along the perpendicular is simultaneously faster than, equal 
in speed to, and slower than the motion along the incline. His further 
object is, by the impact of this paradox, to make his interlocutors and 
readers realize that speed ought not be attributed to the whole ofa 
motion, but rather to its parts. In short, the thought experiment is, as 
Galileo himself points out, a propaedeutic to thefulldiscussionofuniform 
and accelerated motion that occurs in ‘The Third Discourse’ of his Two 
New Sciences. The argument itself I shall considerably condense and 
systematize since the detailed give and take of the dialogue need not 
concern us. When first asked which body is faster, the interlocutors give 
the response we are all drawn to though the physicists among us should 
‘know better. The motion along the perpendicular, they say, is obviously 
the faster.” Here, two of the three criteria we have already encountered 
combine. While both bodies are in motion, the one moving along the 
perpendicular is the ‘more blurred’. In addition, the perpendicular motion 
is the one that reaches its goal first. 

This obvious and immensely appealing answer immediately, however, 
raises difficulties which are first recognized by the cleverer of the inter- 
locutors, Sagredo. He points out (or very nearly—I am making this part 
of the argument slightly more binding than it is in the original) that the 
answer is incompatible with the initial concession. Since both bodies 
start from rest and since both acquire the same terminal velocity, they 
must have the same mean speed. How then can one be faster than the 
other? At this point Salviati renters the discussion, reminding his listeners 
that the faster of two motions is usually defined as the one that covers 
the same distance in a lesser time. Part of the difficulty, he suggests, arises 
from the attempt to compare two motions that cover different distances. 
Instead, he urges, the participants in the dialogue should compare the 
times required by the two bodies in moving over a common standard 
distance. As a standard he selects the length of the vertical plane CB. 

This, however, only makes the problem worse. CA is longer than CB, 


* Galileo makes somewhat less use of this concession than I shall below. Strictly 
speaking, his argument does not depend upon it if the plane CA can be extended 
beyond A and if the body rolling along the extended plane continues to gain speed. 
For simplicity I shall restrict my systematized recapitulation to the unextended 
plane, following the lead supplied by Galileo in the first part of his text. 

** Anyone who doubts that this is a very tempting and natural answer should 
try Galileo’s question, as I have, on graduate students of physics. Unless previously 


feud what will be involved, many of them give the same answer as Salviati’s inter- 
locutors. 
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and the answer to the question, which body moves faster, turns out to 
depend critically upon where, along the incline CA, the standard length 
CB is measured. If it is measured down from the top of the incline, then 
the body moving on the perpendicular will complete its motion in less 
time than the body on the incline requires to move through a distance 
equal to CB. Motion along the perpendicular is therefore faster. On the 
other hand, if the standard distance is measured up from the bottom of 
the incline, the body moving on the perpendicular will need more time 
to complete its motion than the body on the incline will need to move 
through the same standard distance. Motion along the perpendicular is 
therefore slower. Finally, Salviati argues, if the distance CB is laid out 
along some appropriate internal part of the incline, then the times re- 
quired by the two bodies to traverse the two standard segments will be 
the same. Motion on the perpendicular has the same speed as that on the 
incline. At this point the dialogue has provided three answers, each incom- 
patible with both the others, to a single question about a single situation. 

The result, of course, is paradox, and that is the way, or one of them, 
in which Galileo prepared his contemporaries for a change in the con- 
cepts employed when discussing, analyzing, or experimenting upon 
motion. Though the new concepts were not fully developed for the 
Public until the appearance of the Two New Sciences, the Dialogue 
already shows where the argument is headed. ‘Faster’ and speed must 
Not be used in the traditional way. One may say that at a particular in- 
Stant one body has a faster instantaneous speed than another body has at 
that same time or at another specified instant. Or one may say that a 
Particular body traverses a particular distance more quickly than another 
traverses the same or some other distance. But the two sorts of state- 
ments do not describe the same characteristics of the motion. ‘Faster’ 


Means something different when applied, on the one hand, to the com- 
Parison of instantaneous rates of motion at particular instants, and, on 
the other, to the comparison of the times required for the completion 
of the whole of two specified motions. A body may be ‘faster’ in one 


sense and not in the other. 


That conceptual reform is what Galileo’s thought experiment helped 


to teach, and we can therefore ask our old question about it. Clearly, the 
minimal answers are the same ones supplied when considering the out- 
come of Piaget’s experiments. The concepts that Aristotle applied to 
the study of motion were, in some part, self-contradictory, and the con- 
tradiction was not entirely eliminated during the Middle Ages. Galileo’s 
thought experiment brought the difficulty to the fore by confronting 
readers with the paradox implicit in their mode of thought. As a result, 


it helped them to modify their conceptual apparatus. 
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If that much is right, then we can see the criterion of verisimilitude 
to which the thought experiment had necessarily to conform. It makes 
no difference to Galileo’s argument whether or not bodies actually 
execute uniformly accelerated motion when moving down inclined and 
vertical planes. It does not even matter whether, when the heights of these 
planes are the same, the two bodies actually reach equal instantaneous 
velocities at the bottom. Galileo does not bother to argue either of the 
points. For his purpose in this part of the Dialogue, it is quite sufficient 
that we may suppose these things to be the case. On the other hand, it 
does not follow that Galileo’s choice of the experimental situation could 
be arbitrary. He could not, for example, usefully have suggested that we 
consider a situation in which the body vanished at the start of its motion 
from C and then reappeared shortly afterwards at A without having trav- 
ersed the intervening distance. That experiment would illustrate limi- 
tations in the applicability of ‘faster’, but, at least until the recognition 
of quantum jumps, those limitations would not have been informative. 
From them, neither we nor Galileo’s readers could learn anything about 
the concepts traditionally employed. Those concepts were never intended 
to apply in such a case. In short, if this sort of thought experiment is to 
be effective, it must allow those who perform or study it to employ con- 
cepts in the same ways they have been employed before. Only if that 
condition is met can the thought experiment confront its audience with 
unanticipated consequences of their normal conceptual operations. 


To this point, essential parts of my argument have been conditioned 
by what I take to be a philosophical position traditional in the analysis 
of scientific thought since at least the seventeenth century. If a thought 
experiment is to be effective, it must, as we have already seen, present 
a normal situation, that is, a situation which the man who analyzes the 
experiment feels well equipped by prior experience to handle. Nothing 
about the imagined situation may be entirely unfamiliar or strange. There- 
fore, if the experiment depends, as it must, upon prior experience of 
nature, that experience must have been generally familiar before the 
experiment was undertaken. This aspect of the thought-experimental 
situation has seemed to dictate one of the conclusions that I have so far 
consistently drawn. Because it embodies no new information about the 
world, athought experiment can teach nothing that was notknown before. 
Or rather, it can teach nothing about the world. Instead it teaches the 
scientist about his mental apparatus. Its function is limited to the correc- 
tion of previous conceptual mistakes. 

I suspect, however, that some historians of science may be uneasy 
about this conclusion, and I suggest that others should be. Somehow, it 
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is too reminiscent of the familiar position which regards the Ptolemaic 
theory, the Phlogiston theory, or the caloric theory as mere errors, con- 
fusions, or dogmatisms which a more liberal or intelligent science would 
have avoided from the start. In the climate of contemporary histori- 
ography, evaluations like these have come to seem less and less plausible, 
and that same air of implausibility infects the conclusion I have so far 
drawn in this paper. Aristotle, ifno experimental physicist, was a brilliant 
logician. Would he, in a matter so fundamental to his physics, have com- 
mitted an error so elementary as the one we have attributed to him? Or 
if he had, would his successors, for almost two millennia, have continued 
to make the same elementary mistake? Can a logical confusion be all that 
is involved, and can the function of thought experiments be so trivial as 
this entire point of view implies? I believe that the answer to all of these 
questions is no, and that the root of the difficulty is an assumption that, 
because they rely exclusively upon well-known data, thought experiments 
can teach nothing about the world. Though the contemporary epistemo- 
logical vocabulary supplies no truly useful locutions, I want now to argue 
that from thought experiments most people learn about their concepts 
and the world together. In learning about the concept of speed Galileo’s 
readers also learn something about how bodies move. What happens to 
them is very similar to what happens to a man, like Lavoisier, who must 
assimilate the result of a new unexpected experimental discovery.1” 
In approaching this series of central points, I first ask what can have 
been meant when we described the child’s concept of faster and the 
ristotelian concept of speed as ‘self-contradictory’ or ‘confused’. ‘Self- 
contradictory’, at least, suggests that these concepts are like the logician’s 
famous example, square-circle, but that cannot be quite right. Square- 
Circle is self-contradictory in the sense that it could not be exemplified 
in any possible world. One cannot even imagine an object which would 
display the requisite qualities. Neither the child’s concept nor Aristotle’s, 
however, are contradictory in that sense. The child’s concept of faster is 
repeatedly exemplified in our own world; contradiction arises only when 


the child is confronted with that relatively rare sort of motion in which 
the perceptually more blurred object lags in reaching the goal. Similarly, 
h its two simultaneous criteria, can be 


Aristotle’s concept of speed, wit 

applied without difficulty to most of the motions we see about us. Prob- 

lems arise only for that class of motions, again rather rare, in which the 

criterion of instantaneous velocity and the criterion of average velocity 

lead to contradictory responses in qualitative applications. In both these 

cases the concepts are contradictory only in the sense that the individual 
in which new discoveries 


1? That remark presumes an analysis of the manner 
emerge, for which see my [5]- 
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who employs them runs the risk of self-contradiction. He may, that is, 
find himself in a situation where he can be forced to give incompatible 
answers to one and the same question. 

That, of course, is not what is usually meant when the term ‘self- 
contradictory’ is applied to a concept. It may well, however, be what 
we had in mind when we described the concepts examined above as 
‘confused’ or ‘inadequate to clear thought’. Certainly those terms fit 
the situation better. They do, however, imply a standard for clarity and 
adequacy what we may have no right to apply. Ought we demand of our 
concepts, as we do not and could not of our laws and theories, that they 
be applicable to any and every situation that might conceivably arise in 
any possible world? Is it not sufficient to demand of a concept, as we 
do of a law or theory, that it be unequivocally applicable in every situ- 
ation which we expect ever to encounter? 

To see the relevance of those questions, imagine a world in which all 
motions occur at uniform speed. (That condition is more stringent than 
necessary, but it will make the argument clearer. The requisite weaker 
condition is that no body which is ‘slower’ by either criterion shall ever 
overtake a ‘faster’ body. I shall call motions which satisfy this weaker 
condition ‘quasiuniform’.) In a world of that sort the Aristotelian con- 
cept of speed could never be jeopardized by an actual physical situation, 
for the instantaneous and average speed of any motion would always be 
the same.!® What, then, would we say if we found a scientist in this 
imaginary world consistently employing the Aristotelian concept of 
speed? Not, I think, that he was confused. Nothing could go wrong with 
his science or logic because of his application of the concept. Instead, 
given our own broader experience and our correspondingly richer concep- 
tual apparatus, we would likely say that, consciously or unconsciously, he 
had embodied in his concept of speed his expectation that only uniform 
motions would occur in his world. We would, that is,concludethathiscon- 
cept functioned in part as a law of nature, a law that was regularly satisfied 
in his world but that would only occasionally be satisfied in our own. 

In Aristotle’s case, of course, we cannot say quite this much. He did 
know, and occasionally admits, that falling bodies, for example, increase 
their speeds as they move. On the other hand, there is ample evidence 
that Aristotle kept this information at the very periphery of his scientific 

a8 imagine i i iteri iaget’: 
eptaren would never Fmd to connai hon Me eae by Piset 
therefore make no use of it in the argument that follows. Let me however hazard 
one testable guess about the nature of motion in that world. Unless copying their 
elders, children who view motion in the way described above should be relatively 


insensitive to the importance of a handicap to the winning of a race. Instead every- 
thing should seem to depend upon the violence with which arms and legs are moved. 
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consciousness. Whenever he could, which was frequently, he regarded 
motions as uniform or as possessing the properties of uniform motion, 
and the results were consequential for much of his physics. In the pre- 
ceding section, for example, we examined a passage from the Physics, 
which can pass for a definition of ‘faster motion’: ‘The quicker of two 
things traverses a greater magnitude in an equal time, an equal magnitude 
in less time and a greater magnitude in less time.’ Compare this with the 
passage that follows it immediately: ‘Suppose that A is quicker than B. 
Now since of two things that which changes sooner is quicker, in the 
time FG, in which A has changed from C to D, B will not yet have arrived 
at D but will be short of it.” This statement is no longer quite a defi- 
nition. Instead it is about the physical behavior of ‘quicker’ bodies, and, 
as such, it holds only for bodies that are in uniform or quasi-uniform 
motion.”° The whole burden of Galileo’s thought experiment is to show 
that this statement and others like it—statements that seem to follow 
inevitably from the only definition the traditional concept ‘faster’ will 
support—do not hold in the world as we know it and that the concept 
therefore requires modification. Aristotle nevertheless proceeds to build 
his view of motion as quasi-uniform deeply into the fabric of his system. 
For example, in the paragraph just after that from which the preceding 
statements are taken, he employs those statements to show that space 
must be continuous if time is. His argument depends upon the assump- 
tion, implicit above, that, if a body B lags behind another body A at the 
end of a motion, it will have lagged at all intermediate points. In that 
case, B can be used to divide the space and A to divide the time. If one 
is continuous, the other must be too. Unfortunately, however, the 
assumption need not hold if, for example, the slower motion is deceler- 
ating and the faster accelerating, yet Aristotle sees no need to bar motions 
of that sort. Here again his argument depends upon his attributing to all 
movements the qualitative properties of uniform change. 


The same view of motion underlies the arguments by which Aristotle 
develops his so-called quantitative laws of motion.” For illustration, 


19 Aristotle, Works 2:232a28-31. be, 

2© Actually, of course, the first passage cannot be a definition. Any one of the 
three conditions there stated could have that function, but taking the three to be 
equivalent, as Aristotle does, has the same physical implications which I here illu- 
strate from the second passage. 21 Aristotle, Works 2:232b21-233a13. 

22 These laws are always described as ‘quantitative.’ and | tollow that usage. But 
it is hard to believe they were meant to be quantitative in the sense of that term 
current in the study of motion since Galileo. Both in antiquity and the Middle 
Ages men who regularly thought measurement relevant to astronomy and who 
occasionally employed it in optics discussed these laws of motion without even a 
veiled reference to any sort of quantitative observation. Furthermore, the laws are 
never applied to nature except in arguments which rely on reductio ad absurdum. 
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consider only the dependence of distance covered on the size of the 
body and upon elapsed time: ‘If, then, A the movent have moved B a 
distance C in a time D, then in the same time the same force A will move 
¥ B twice the distance C, and in % D it will move 4 B the whole distance 
C: for thus the rules of proportion will be observed.’** With both force 
and medium given, that is, the distance covered varies directly with time 
and inversely with body size. 

To modern ears this is inevitably a strange law, though perhaps not so 
strange as it has usually seemed.” But given the Aristotelian concept of 
speed—a concept that raises no problems in most of its applications—it 
is readily seen to be the only simple law available. If motion is such that 
average and instantaneous speed are identical, then, ceteris paribus, dis- 
tance covered must be proportional to time. If, in addition, we assume 
with Aristotle (and Newton) that ‘two forces each of which separately 
moves one of two weights a given distance in a given time . . . will move 
the combined weights an equal distance in an equal time’, then speed 
must be some function of the ratio of force to body size.’ Aristotle’s 
law follows directly by assuming the function to be the simplest one 
available, the ratio itself. Perhaps this does not seem a legitimate way to 
arrive at laws of motion, but Galileo’s procedures were very often ident- 
ical.” In this particular respect what principally differentiated Galileo 
from Aristotle is that the former started with a different conception of 
speed. Since he did not see all motions as quasi-uniform, speed was not 
the only measure of motion that could change with applied force, body 
size, and so on. Galileo could consider variations of acceleration as well. 

These examples could be considerably multiplied, but my point may 
already be clear. Aristotle’s concept of speed, in which something like 
the separate modern concepts of average and instantaneous speed were 
merged, was an integral part of his entire theory of motion and had im- 
To me their intent seems qualitative—they are a statement, using the vocabulary 
of proportions, of several correctly observed aua itative regularities. This view may 

al 


appear more plausible if we remember that after Eudoxus even geometric propor- 
tion was regularly interpreted as nonnumerical. 


* Aristotle. Works 2:249b30-250a4, 


A Hor cogent criticism of those who find the 
Toulmin, ‘Criticism in the History of Science: Newto 
Motion, I,’ Philosophical Review 68 

25 Aristotle Works 2:250a25-28. 


26 For example, ‘When, therefore, I observe a stone initially at rest falling from 


an elevated positionand continually acquiring new increments of speed, why should 
I not believe that such increases take place in a manner which is exceedingly simple 
and rather obvious to everybody? If now we examine the matter carefully we find 
no addition or increment more simple than that which repeats itself always in the 
same manner.’ Cf. Galileo Galilei, Dialogues Concerning Two New Sciences, trans. 


H. Crew and A. de Salvio (Evanston and Chica 0, 1946 . 154-5 ileo, how- 
ever did proceed to an experimental check. j nee Sar as 
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n on Absolute Space, Time and 
(1959): 1-29, particularly footnote 1. 
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plications for the whole of his physics. That role it could play because 
it was not simply a definition, confused or otherwise. Instead, it had 
physical implications and acted in part as a law of nature. Those impli- 
cations could never have been challenged by observation or by logic in a 
world where all motions were uniform or quasi-uniform, and Aristotle 
acted as though he lived in a world of that sort. Actually, of course, his 
world was different, but his concept nevertheless functioned so success- 
fully that potential conflicts with observation went entirely unnoticed. 
And while they did so—until, that is, the potential difficulties in apply- 
ing the concept began to become actual—we may not properly speak of 
the Aristotelian concept of speed as confused. We may, of course, say 
that it was ‘wrong’ or ‘false’ in the same sense that we apply those terms 
to outmoded laws and theories. In addition, we may say that, because 
the concept was false, the men who employed it were liable to become 
confused, as Salviati’s interlocutors did. But we cannot, I think, find any 
intrinsic defect in the concept by itself. Its defects lay not in its logical 
consistency but in its failure to fit the full fine structure of the world to 
which it was expected to apply. That is why learning to recognize its de- 
fects was necessarily learning about the worldaswellas about the concept. 

If the legislative content of individual concepts seems an unfamiliar 
notion, that is probably because of the context within which I have 
approached it here. To linguists the point has long been familiar, if con- 
troversial, through the writings of B. L. Whorf.?’ Braithwaite, following 
Ramsey, has developed a similar thesis by using logical models to demon- 
strate the inextricable mixture of law and definition which must charac- 
terize the function of even relatively elementary scientific concepts.” 
Still more to the point are the several recent logical discussions of the 
use of ‘reduction sentences’ in forming scientific concepts. These are sen- 
tences which specify (in a logical form that need not here concern us) 
the observational or test conditions under which a given concept may 
be applied. In practice, they closely parallel the contexts in which most 
scientific concepts are actually acquired, and that makes their two most 
salient characteristics particularly significant. First, several reduction 
sentences—sometimes a great many—are required to supply a given con- 
cept with the range of application required by its use in scientific theory. 
Second, as soon as more than one reduction sentence is used to introduce 
a single concept, those sentences turn out to imply ‘certain statements 
which have the character of empirical laws. .. . Sets of reduction sentences 

27 B.L. Whorf, Language, Thought, and Reality: Selected Writings, ed. John B. 
Carroll (Cambridge, Mass., 1956). 


38 R. B. Braithwaite, Scientific Explanation (Cambridge, 1953), pp. 50-87. And 
see also W. V. O. Quine, ‘Two Dogmas of Empiricism,’ in From a Logical Point of 


View (Cambridge, Mass., 1953), pp. 20-46. 
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combine in a peculiar way the functions of concept and of theory for- 
mation.’”? That quotation, with the sentence that precedes it, very nearly 
describes the situation we have just been examining. 

We need not, however, make the full transition to logic and philosophy 
of science in order to recognize the legislative function of scientific con- 
cepts. In another guise it is already familiar to every historian who has 
studied closely the evolution of concepts like element, species, mass, 
force, space, caloric, or energy.” These and many other scientific con- 
cepts are invariably encountered within a matrix of law, theory, and 
expectation from which they cannot be altogether extricated for the sake 
of definition. To discover what they mean the historian must examine 
both what is said about them and also the way in which they are used. 
In the process he regularly discovers a number of different criteria which 
govern their use and whose coexistence can be understood only by ref- 
erence to many of the other scientific (and sometimes extrascientific) 
beliefs which guide the men who use them. It follows that those concepts 
were not intended for application to any possible world, but only to 
the world as the scientist saw it. Their use is one index of his commitment 
to a larger body of law and theory. Conversely, the legislative content 
of that larger body of belief is in part carried by the concepts themselves. 
That is why, though many of them have histories coextensive with the 
histories of the sciences in which they function, their meaning and their 
criteria for use have so often and so drastically changed in the course of 
scientific development. 

Finally, returning to the concept of speed, notice that Galileo’s re- 
formulation did not make it once and for all logically pure. No more 
than its Aristotelian predecessor was it free from implications about the 
way nature must behave. As a result, again like Aristotle’s concept of 

29C, G. Hempel, Fundamentals of Concept Formation in Empirical Science, 
vol. 2, no. 7, in the International Encyclopedia of Unified Science (Chicago, 1952). 
The fundamental discussion of reduction sentences is in Rudolph Carnap, ‘Test- 
ability and Meaning,’ Philosophy of Science 3 (1936): 420-71, and 4 (1937): 2-40. 

3° The cases of caloric and of mass are particularly instructive, the first because 
it parallels the case discussed above, the second because it reverses the line of devel- 
opment. It has often been pointed out that Sadi Carnot derived good experimental 
results from the caloric theory because his concept of heat combined characteristics 
that later had to be distributed between heat and entropy. (See my exchange with 
V. K. La Mer, American Journal of Physics 22 [1954] : 20-27; 23 [1955]: 91-102 
and 387-89. The last of these items formulates the point in the way required here.) 
Mass, on the other hand, displays an opposite line of development. In Newtonian 
theory inertial mass and gravitational mass are separate concepts, measured by 
distinct means. An experimentally tested law of nature is needed to say that the 
two sorts of measurements will always, within instrumental limits, give the same 
results. According to general rélativity, however, no separate experimental law is 


required. The two measurements must yield the same result because they measure 
the same quantity. 
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speed, it could be called in question by accumulated experience, and 
that is what occurred at the end of the last century and the beginning of 
this one. The episode is too well known to require extended discussion. 
When applied to accelerated motions, the Galilean concept of speed im- 
plies the existence of a set of physically unaccelerated spatial reference 
systems. That is the lesson of Newton’s bucket experiment, a lesson 
which none of the relativists of the seventeenth and eighteenth centuries 
were able to explain away. In addition, when applied to linear motions, 
the revised concept of speed used in this paper implies the validity of the 
so-called Galilean transformation equations, and these specify physical 
properties, for example the additivity of the velocity of matter or of 
light. Without benefit of any superstructure of laws and theories like 
Newton’s, they provided immensely significant information about what 
the world is like. 

Or, rather, they used to do so. One of the first great triumphs of 
twentieth-century physics was the recognition that that information 
could be questioned and the consequent recasting of the concepts of 
speed, space, and time. Furthermore, in that reconceptualization thought 
experiments again played a vital role. The historical process we examined 
above through the work of Galileo has since been repeated with respect 
to the same constellation of concepts. Perfectly possibly it may occur 
again, for it is one of the basic processes through which the sciences 


advance. 


My argument is now very nearly complete. To discover the element still 
missing, let me briefly recapitulate the main points discussed so far. I 
began by suggesting that an important class of thought experiments func- 
tions by confronting the scientist with a contradiction or conflict im- 
plicit in his mode of though. Recognizing the contradiction then appeared 
an essential propaedeutic to its elimination. As a result of the thought 
experiment, clear concepts were developed to replace the confused ones 
that had been in use before. Closer examination, however, disclosed an 
essential difficulty in that analysis. The concepts ‘corrected’ in the after- 
math of thought experiments displayed no intrinsic confusion. If their 
use raised problems for the scientist, those problems were like the ones 
to which the use of any experimentally based law or theory would expose 
him. They arose, that is, not from his mental equipment alone but from 
difficulties discovered in the attempt to fit that equipment to previously 
unassimilated experience. Nature rather than logic alone was responsible 
for the apparent confusion. This situation led me to suggest that from 
the sort of thought experiment here examined the scientist learns about 
the world as well as about his concepts. Historically their role is very 
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close to the double one played by actual laboratory experiments and 
observations. First, thought experiments can disclose nature’s failure to 
conform to a previously held set of expectations. In addition, they can 
suggest particular ways in which both expectation and theory must hence- 
forth be revised. 

But how—to raise the remaining problem—can they do so? Laboratory 
experiments play these roles because they supply the scientist. with new 
and unexpected information.Thought experiments, on the contrary, must 
rest entirely on information already at hand. If the two can have such 
similar roles, that must be because, on occasions, thought experiments 
give the scientist access to information which is simultaneously at hand 
and yet somehow inaccessible to him. Let me now try to indicate, though 
necessarily briefly and incompletely, how this could be the case. 

I have elsewhere pointed out that the development of a mature scien- 
tific specialty is normally determined largely by the closely integrated 
body of concepts, laws, theories, and instrumental techniques which 
the individual practitioner acquires from professional education.?! That 
time-tested fabric of belief and expectation tells him what the world is 
like and simultaneously defines the problems which still demand pro- 
fessional attention. Those problems are the ones which, when solved, 
will extend the precision and scope of the fit between existing belief, on 
the one hand, and observation of nature, on the other. When problems 
are selected in this way, past success ordinarily ensures future success as 
well. One reason why scientific research seems to advance steadily from 
solved problem to solved problem is that professionals restrict their 
attention to problems defined by the conceptual and instrumental tech- 
niques already at hand. 

That mode of problem selection, however, though it makes short-term 
success particularly likely, also guarantees long-run failures that prove 
even more consequential to scientific advance. Even the data that this 
restricted pattern of research presents to the scientist never entirely or 
precisely fit his theory-induced expectations. Some of those failures to 
fit provide his current research problems; but others are pushed to the 
periphery of consciousness and some are suppressed entirely. Usually 
that inability to recognize and confront anomaly isjustified in the event. 
More often than not minor instrumental adjustments or small articu- 
lations of existing theory ultimately reduce the apparent anomaly to 
law. Pausing over anomalies when they are first confronted is to invite 


31 For incomplete discussions of this and the following points see my papers 
[4] and ‘The Function of Dogma in Scientific Research,’ in Scientific Change, 
A. C. Crombie, ed. (New York, 1963), pp. 347-69. The whole subject is treated 
more fully and with many additional examples in [1]. 
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continual distraction.*? But not all anomalies do respond to minor adjust- 
ments of the existing conceptual and instrumental fabric. Among those 
that do not are some which, either because they are particularly striking 
or because they are educed repeatedly in many different laboratories, 
cannot be indefinitely ignored. Though they remain unassimilated, they 
impinge with gradually increasing force upon the consciousness of the 
scientific community. 

As this process continues, the pattern of the community’s research 
gradually changes. At first, reports of unassimilated observations appear 
more and more frequently in the pages of laboratory notebooks or as 
asides in published reports. Then more and more research is turned to 
the anomaly itself. Those who are attempting to make it lawlike will in- 
creasingly quarrel over the meaning of the concepts and theories which 
they have long held in common without awareness of ambiguity. A few 
of them will begin critcally to analyze the fabric of belief that has brought 
the community to its present impasse. On occasions even philosophy will 
become a legitimate scientific tool, which it ordinarily is not. Some or 
all of these symptoms of community crisis are, I think, the invariable 
prelude to the fundamental reconceptualization that the removal of an 
obdurate anomaly almost always demands. Typically, that crisis ends 
only when some particularly imaginative individual, or a group of them, 
weaves a new fabric of laws, theories, and concepts, one which can assim- 
ilate the previously incongruous experience and most or all of the pre- 
vious assimilated experience as well. 

This process of reconceptualization I have elsewhere labeled scientific 
revolution. Such revolutions need not be nearly so total as the preceding 
sketch implies, but they all share with it one essential characteristic. The 
data requsite for revolution have existed before at the fringe of scientific 
consciousness; the emergence of crisis brings them to the center of atten- 
tion; and the revolutionary reconceptualization permits them to be seen 
in a new way. What was vaguely known in spite of the community’s 
mental equipment before the revolution is afterwards precisely known 
because of its mental equipment. 

That conclusion, or constellation of conclusions, is, of course, both too 
grandiose and too obscure for general documentation here. I suggest, how- 
ever, that inone limited application a number of its essential elements have 
been documented already. A crisis induced by the failure of expectation 
and followed by revolution is at the heart of the thought-experimental 


32 Much evidence on this point is to be found in [76], particularly chap. 9. 

33 The phrase ‘permits them to be seen in a new way’ must here remain a meta- 
phor though I intend it quite literally. N. R. Hanson [18] has already argued that 
what scientists see depends upon their prior beliefs and training, and much evidence 
on this point will be found in [1]. 
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situations we have been examining. Conversely, thought experiment is 

one of the essential analytic tools which are deployed during crisis and 

which then help to promote basic conceptual reform. The outcome of 

thought experiments can be the same as that of scientific revolutions: 

they can enable the scientist to use as an integral part of his knowledge 

what that knowledge had previously made inaccessible to him. That is the 

sense in which they change his knowledge of the world. And it is because 

they can have that effect that they cluster so notably in the works of - 
men like Aristotle, Galileo, Descartes, Einstein, and Bohr, the great 

weavers of new conceptual fabrics. 

Return now briefly and for the last time to our own experiments, 
both Piaget’s and Galileo’s. What troubled us about them was, I think, 
that we found implicit in the preexperimental mentality laws of nature 
which conflict with information we felt sure our subjects already pos- 
sessed. Indeed, it was only because they possessed the information that 
they could learn from the experimental situation at all. Under those cir- 
cumstances we were puzzled by their inability to see the conflict; we 
were unsure what they had still to learn; and we were therefore impelled 
to regard them as confused. That way of describing the situation was 
not, I think, altogether wrong, but it was misleading. Though my own 
concluding substitute must remain partly metaphor, I urge the following 
description instead. 

For some time before we encountered them, our subjects had in their 
transactions with nature, successfully employed a conceptual fabric dif- 
ferent from the one we use ourselves. That fabric was time-tested ; it had 
not yet confronted them with difficulties. Nevertheless, as of the time 
we encountered them, they had at last acquired a variety of experience 
which could not be assimilated by their traditional mode of dealing with 
the world. At this point they had at hand all the experience requisite to a 
fundamental recasting of their concepts, but there was something about 
that experience which they had not yet seen. Because they had not, they 
were subject to confusion and were perhaps already uneasy.” Full con- 
fusion, however, came only in the thought-experimental situation, and 
then it came as a prelude to its cure. By transforming felt anomaly to 
concrete contradiction, the thought experiment informed our subjects 
what was wrong. That first clear view of the misfit between experience 
and implicit expectation provided the clues necessary to set the situation 


right. 
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What characteristics must a thought experiment possess if it is to be 
capable of these effects? One part of my previous answer can still stand. 
If it is to disclose a misfit between traditional conceptual apparatus and 
nature, the imagined situation must allow the scientist to employ his 
usual concepts in the way he has employed them before. It must not, 
that is, strain normal usage. On the other hand, the part of my previous 
answer which dealt with physical verisimilitude now needs revision. It 
presumed that thought experiments were directed to purely logical con- 
tradictions or confusions; any situation capable of displaying such contra- 
dictions would therefore suffice; there was then no condition of physical 
verisimilitude at all. If, however, we suppose that nature and conceptual 
apparatus are jointly implicated in the contradiction posed by thought 
experiments, a stronger condition is required. Though the imagined situ- 
ation need not be even potentially realizable in nature, the conflict 
deduced from it must be one that nature itself could present. Indeed even 
that condition is not quite strong enough. The conflict that confronts 
the scientist in the experimental situation must be one that, however 
unclearly seen, has confronted him before. Unless he has already had that 
much experience, he is not yet prepared to learn from thought experi- 
ments alone. 


II 
MEANING AND SCIENTIFIC CHANGE 


DUDLEY SHAPERE 
THE REVOLT AGAINST POSITIVISM 


IN the past decade, a revolution—or at least a rebellion—has occurred in 
the philosophy of science. Views have been advanced which claim to be 
radically new not only in their doctrines about science and its evolution 
and structure, but also in their conceptions of the methods appropriate 
to solving the problems of the philosophy of science, and even as to 
what those problems themselves are. It will be the primary purpose of 
this paper to examine some of the tenets of this revolution, in order to 
determine what there is in them of permanent value for all people who 
wish to understand the nature of science. 

But before proceeding to this study, it will be worthwhile to examine 
some of the sources of these new views; and the first thing to do in this 
regard will be to summarize (at considerable risk of oversimplification) 
some of the main features of the approach to the philosophy of science 
against which these new approaches are in part reacting.! 

The mainstream of philosophy of science during the second quarter 
of this century—the so-called ‘logical empiricist’ or ‘logical positivist’ 
movement and related views—was characterized by a heavy reliance on 
the techniques of mathematical logic for formulating and dealing with 
its problems. Philosophy of science (and, indeed, philosophy in general) 
was pronounced to be ‘the logic of science’, this epithet meaning to attri- 
bute to the subject a number of important features. First, philosophy of 


From Mind & Cosmos: Essays in Contemporary Science & Philosophy, edited by 
Robert G. Colodny, pp. 41-85. (Univ. of Pittsburgh Press 1966). Used by permission. 


1 What follows is not meant to be a description of views to all of which any one 
thinker necessarily adheres, but rather a distillation of Points of view which are 
widespread. Perhaps the writers who come closest to the characterizations given 
herein are Rudolf Carnap and Carl Hempel, at least in some of their works, although 
even they might not accept all the doctrines outlined here. The summary does, 
however, seem to me to represent trends in a great many writings on such subjects 
as the verifiability theory of meaning, explanation, lawlikeness, counterfactual 
conditionals, theoretical and observational terms, induction, correspondence rules, 
etc. Conversely, many writers whose work fits, at least to some degree, the descrip- 
tions given here might object to the label ‘logical empiricist’. 
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science was to be conceived of on the analogy of formal logic: just as for- 
mal logic, ever since Aristotle, has been supposed to be concerned with 
the ‘form’ rather than with the ‘content’ of propositions and arguments, 
so also philosophy of science was to deal with the ‘form’—the ‘logical 
form’—of scientific statements rather than with their ‘content’, with, 
for example, the logical structure of all possible statements claiming to 
be scientific laws, rather than with any particular such statements; with 
the logical skeleton of any possible scientific theory, rather than with 
particular actual scientific theories; with the logical pattern of any pos- 
sible scientific explanation, rather than with particular actual scientific 
explanations; with the logical relations between evidence-statements and 
theoretical conclusions, rather than with particular scientific arguments. 
Of course, the philosophical conclusions arrived at were supposed, in 
principle, to be tested against actual scientific practice, but the actual 
work of the philosopher of science was with the construction of adequate 
formal representations of scientific expressions in general, rather than 
with the details of particular current scientific work (and much less with 
past scientific work).” 

Alternatively, the analogy between logic and ‘the logic of science’ can 
be drawn in another manner which is in some ways even more revealing. 
Just as modern logicians make a distinction between logic proper—par- 
ticular systems of logic, formulated in an ‘object language’—and metal- 
ogic, which consists of an analysis of expressions (like ‘true’, ‘provable’, 
‘is a theorem’) which are applied to statements and sequences of state- 
ments expressed in the object language, so also ‘the logic of science’ can 
be seen as concerning itself primarily with the analysis of expressions 
which are applied to actual scientific terms or statements—which are 
used in talking about science (expressions like ‘is a law’, ‘is meaningful’, 
‘is an explanation’, ‘is a theory’, ‘is evidence for’, ‘confirms to a higher 
degree than’). 

On the basis of either analogy, some conclusions can be drawn which 
will be of importance for our later discussion. First, since philosophy of 
science, so conceived, does not deal with particular scientific theories, it is 
immune to the vicissitudes of science—the coming and going of particular 
scientific theories, for those changes have to do with the content of sci- 
ence, whereas the philosopher of science is concerned with its structure; 
not with specific mortal theories, but with the characteristics of any pos- 
sible theory, with the meaning of the word ‘theory’ itself. It also follows 
that the philosopher of science, insofar as he is successful, will provide 
us with a final analysis of the expressions which he analyzes; in giving 


2 There were, of course, some notable exceptions to this account—the work of 
Carnap and Reichenbach on relativity and quantum theory, for example. 
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us the characteristics of, for instance, all possible explanations, he is a 
fortiori giving us the formal characteristics of all future explanations. It 
is thus assumed that a revealing account can be given of such terms as 
‘explanation’ which will hold true always, although particular scientific 
explanations may change from theory to theory, nevertheless that which 
is essential to being an explanation—those features of such accounts 
which make them deserve the title ‘explanation’—can be laid down once 
and for all; and furthermore, those essential characteristics can be ex- 
pressed in purely logical terms, as characteristics of the form or structure 
of explanation. 

Besides conceiving of the philosophy of science, along the lines of 
formal logic as a model, the ‘logical empiricist’ tradition also used the 
techniques of modern mathematical logic in approaching their problems. 
Thus, fatal objections were raised against proposed views because of 
some flaw in the logical formulation of the position; and such difficulties 
were to be overcome not by abandoning the safe ground of formulation 
in terms of the already well-developed mathematical logic, but rather by 
giving a more satisfactory reformulation in terms of that logic. Again, 
scientific theories were conceived of as being, or as most easily treated 
as being, axiomatic (or axiomatizable) systems whose connection with 
experience was to be achieved by ‘rules of interpretation’, the general 
characteristics of which could again be stated in formal terms. The con- 
clusions of philosophy of science were therefore supposed to be appli- 
cable only to the most highly developed scientific theories, those which 
had reached a stage of articulation and sophistication which permitted 
treating them as precisely—and completely—formulated axiomatic sys- 
tems with precise rules of interpretation. (Whether any scientific theory 
has ever achieved such a pristine state of completeness, or whether it 
even makes sense to talk about precision in such an absolute sense in 
connection with scientific concepts and theories, is questionable.) Hence, 
an examination of the history of science was considered irrelevant to the 
philosophy of science. This concentration on perfected (even idealized) 
systems was part of what was embodied in the slogan, ‘There is no logic 
of discovery.’ Insofar as the development of science was considered at 
all, it tended to be looked upon as a process of ever-increasing accumu- 
lation of knowledge, in which previous facts and theories would be in- 
corporated into (or reduced to) later theories as special cases applicable 
in limited domains of experience. 

All this, in summary, constituted the ‘logical’ aspect of logical em- 
piricism. The ‘empiricist’ aspect consisted in the belief, on the part of 
those philosophers, that all scientific theory must, in some precise and 
formally specifiable sense, be grounded in experience, both as to the 
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meanings of terms and the acceptability of assertions. To the end of 
showing how the meanings of terms were grounded in experience, a 
distinction was made between ‘theoretical terms’ and ‘observation terms’, 
and a central part of the program of logical empiricism consisted of the 
attempt to show how the former kind of terms could be ‘interpreted’ 
on the basis of the latter. Observation terms were taken to raise no prob- 
lems regarding their meanings, since they referred directly to experience. 
As to the acceptability of assertions, the program was to show how scien- 
tific hypotheses were related to empirical evidence verifying or falsifying 
them (or confirming or disconfirming them); and if there were any other 
factors (such as ‘simplicity’) besides empirical evidence influencing the 
acceptability of scientific hypotheses, those other factors, if at all pos- 
sible, should be characterized in formal terms as rigorously as the con- 
cept of verification (or confirmation). 

The views which have been presented to date within the general logical 
empiricist framework have not met, with unqualified success. Although 
analyses of meaning, of the difference between theoretical and obser- 
vation terms, and of the interpretation of the former on the basis of the 
latter, of lawlikeness, of explanation, of acceptability of theories, etc., have 
been developed in considerable detail, they have all been subjected to 
serious criticism. Continuing efforts have been made to adjust and extend 
those analyses to meet the criticisms—and, after all, the logical empiricist 
programs are not self-contradictory enterprises, so that the hope can 
always be held out that they will yet be carried through to success. But 
because of the multitude of difficulties that have been exposed, many 
philosophers think that an entirely new approach to the problems of 
the philosophy of science is required.° 

In addition to such criticisms of specific views, however, objections 
have also been raised against the general logical empiricist approach of 
trying to solve the problems of the philosophy of science by application 
of the techniques of, and on analogy with, formal logic. For in its concen- 
tration on technical problems of logic, the logical empiricist tradition 
has tended to lose close contact with science, and the discussions have 
often been accused of irrelevancy to real science. Even if this criticism is 
sometimes overstated, there is surely something to it, for in their involve- 
ment with logical details (often without more than cursory discussion 
of any application to science at all), in their claim to be talking only 


3 There have been a number of varieties of efforts to develop new approaches: 
conspicuous among them, in addition to the views to be discussed in this essay, 
are the work of Nelson Goodman (Fact, Fiction and Forecast, Cambridge: Harvard 
University Press, 1955), and of those philosophers who have attempted to develop 
new sorts of logics (‘modal’, for example), in the hope that they will prove more 
suitable for dealing with philosophical problems. 
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about thoroughly developed scientific theories (if there are any such), 
and in their failure (or refusal) to attend at all to questions about the 
historical development of actual science, logical empiricists have cer- 
tainly laid themselves open to the criticism of being, despite their pro- 
fessed empiricism, too rationalistic in failing to keep an attentive eye on 
the facts which constitute the subject matter of the philosophy of science. 

Such disenchantment with the general mode of approach that has been 
dominant in the philosophy of science since at least the early days of the 
Vienna Circle has been reinforced by developments in other quarters. 
Many proponents of the ‘rebellion’ against logical empiricism have been 
heavily influenced by the later philosophy of Ludwig Wittgenstein,* 
which was itself partly a reaction against the attempt to deal through 
the ‘ideal language’ of logic, with all possible cases. Wittgenstein warned 
that a great many functions of language can be ignored if language is 
looked upon simply as a calculus, and philosophers of science have found 
application for this warning by pointing out functions of, say, scientific 
laws which could not be noticed by looking at them solely in terms of 
their logical form.5 

Other thinkers have been influenced in turning to a new, nonpositiv- 
istic approach to philosophy of science by developments in science itself. 
This is particularly the case with Paul Feyerabend, whose work departs 
not only from a reaction against contemporary empiricism, but also from 
his opposition to certain features of the Copenhagen Interpretation of 
quantum theory [60]. Feyerabend attacks as dogmatic the view of the 
Copenhagen Interpretation to which all future developments of micro- 
physical theory will have to maintain certain features of the present 
theory, or will otherwise fall into formal or empirical inconsistency. He 
characterizes this view as being opposed to the spirit of true empiricism; 
but, as we shall see shortly, he finds the same sort of dogmatism inherent 
in contemporary (and past) versions of empiricism also, particularly in 
current analyses of the nature of scientific explanation and of the reduc- 
tion of one scientific theory to another. 

But by far the most profound influence shaping the new trends in the 
philosophy of science has come from results attained by the newly pro- 
fessionalized discipline of the history of science. I have already mentioned 
that the logical empiricist tradition has tended to ignore the history of 

* L. Wittgenstein, Philosophical Investigations, trans. G. E. M. Anscombe (New 
York: Macmillan, 1953). 


$ But Paul Feyerabend, whose views will be discussed in this essay , has not been 
particularly influenced by this approach and has opposed himself to some of its 
main features. But he is against overconcentration on formalisms; for example, he 
says, ‘Interesting ideas may . . . be invisible to those who are concerned with the 
relation between existing formalisms and “experience” only,’ [61, p. 268]. 
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science as being irrelevant to the philosophy of science, on the ground 
that there could be no ‘logic of discovery’, the processes by which scien- 
tific discovery and advance are achieved being fit subject matter for the 
psychologist and the sociologist, but hardly for the logician. I also noted 
that, insofar as logical empiricists considered the history of science at 
all, they tended to look on it as largely a record of the gradual removal 
of superstition, prejudice, and other impediments to scientific progress 
in the form ofan ever-increasing accumulation and synthesis of know- 
ledge—an interpretation of the history of science which Thomas Kuhn 
has called ‘the concept of development-by-accumulation’ [1, p. 2]. This 
interpretation, coupled with the logical empiricists’ exclusive concern 
with ‘completely developed’ theories, led them to ignore as unworthy 
of their attention even the ways in which incomplete theories ultimately 
eventuated in ‘completely developed’ (or more completely developed) 
ones. But in the years since the pioneering historical research of Pierre 
Duhem early in this century, the history of science has come a long way 
from the days when most writers on the subject were either themselves 
confirmed positivists or else scientists, ignorant of the details of history, 
who read the past as a record of great men throwing off the shackles of 
a dark inheritance and struggling toward modern enlightenment. The 
subject has developed high standards of scholarship, and much careful 
investigation has brought out features of science which seemed clearly 
to conflict with the positivist portrayal of it and its evolution. Many older 
theories that were supposedly overthrown and superseded—Aristotelian 
and medieval mechanics, the phlogiston and caloric theories—have been 
found to contain far more than the simple-minded error and superstition 
which were all that was attributed to them by earlier, less scholarly and 
more positivistic historians of science. Indeed, those theories have been 
alleged to be as deserving of the name ‘science’ as anything else that 
goes by that name. On the other hand, previous pictures of the work 
of such men as Galileo and Newton have been found riddled with errors, 
and the ‘Galileo-myth’ and the ‘Newton-myth’, products of an excess- 
ively Baconian and positivistic interpretation, have been mercilessly 
exposed.6 Newton made hypotheses after all, and rather alarmingly 
nonempirical ones at that; and, it is suggested, he had to make them. 
Galileo, now often demoted to a status little above that of press agent 
for the scientific revolution, did not base his views on experiments, and 
even when he performed them (which was more rarely and ineffectively 
than had previously been supposed), he did not draw conclusions 
from them, but rather used them to illustrate conclusions at which he 

6 For example, see E. J. Dijksterhuis, The Mechanization of the World Picture 
(Oxford: Clarendon Press, 1961), Pt. IV, Chaps. 2, sec. C, and 3e L. 
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had already arrived—ignoring, in the process, any deviations there- 
from. 

Further, the kind of change involved in the history of science has 
been found (so the story continues) not to be a mere process of accumu- 
lation of knowledge, synthesized in more and more encompassing the- 
ories. Contemporary historians of science have emphasized again and 
again that the transition from Aristotelian to seventeenth-century dynam- 
ics required not a closer attention to facts (as older histories would have 
it), but rather, in the words of Herbert Butterfield, ‘handling the same 
bundle of data as before, but placing them in a new system of relations 
with one another by giving them a different framework, all of which 
virtually means putting on a different kind of thinking-cap’ [16, p. 1]. 
Such words as ‘virtually’ tend to be dropped as deeper and more sweep- 
ing conclusions are drawn. The underlying philosophy of the sixteenth- 
and seventeenth-century scientific revolution has been held to have been 
strongly infused, not with Baconian empiricism, but rather—irony of 
irones!—with Platonic rationalism.” Such conclusions have been general- 
ized still further: While experiment plays far less of a role than many 
philosophers have supposed in the great fundamental scientific revolu- 
tions, certain types of presuppositions, not classifiable in any of the usual 
traditional senses as ‘empirical’, play a crucial role. The most pervasive 
changes in the history of science are to be characterized, according to 
these writers, in terms of the abandonment of one set of such presup- 
positions and their replacement by another. It isno wonder that Thomas 
Kuhn begins his influential book, The Structure of Scientific Revolutions, 
with the words, ‘History, if viewed asa repository for more than anecdote 
or chronology, could produce a decisive transformation in the image of 
science by which we are now possessed.’ And it is no wonder, either, that 
many of the leaders in Presenting this new image—Kuhn, Alexandre 
Koyré—have been historians of science. Nor is it any accident that many 
philosophers dissatisfied with current logical empiricist approaches to 
science—Paul Feyerabend, [62, 63], N. R. Hanson, [18, 19], Robert 
Palter, [20], Stephen Toulmin, [21, 22]—have found inspiration for 
their views in the work of contemporary historians of science, and have 
even, in some cases, made original contributions to historical research. 

The view that, fundamental toscientific investigation and development, 


7 See, for example, E. A. Burtt, The Metaphysical Foundati 

Physical Science (New York: Harcourt, Brace, 1928): Koyré, eR indy shal 
J. of the History of Ideas, 4 (1943), 400-28, reprinted in Roots of Scientific 
Thought, eds. P. P. Wiener and A. Noland (New York: Basic Books, 1957), pp. 
147-75; A. R. Hall, From Galileo to Newton (New York:Harper & Row 1963). 
i e agi of the uy that the scientific revolution (and Galileo’s philosophy 
of Science in particular) was ‘Platonic’ see L. Geymonat, Galile, il 

York: McGraw-Hill, 1965) and [25]. S Reigo: ONEN: 
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there are certain very pervasive sorts of presuppositions, is the chief 
substantive characteristic of what I have called the new revolution in 
the philosophy of science (although the authors concerned do not usually 
use the word ‘presupposition’ to refer to these alleged underlying princi- 
ples of science). Of course, there have been presupposition analyses of 
science before, but the present movement (if it can be called that) is dif- 
ferent from its predecessors in certain important respects. Any consistent 
body of propositions, scientific or not, contains ‘presuppositions’ in one 
sense, namely, in the sense of containing a (really, more than one) subset 
of propositions which are related to the remainder of the propositions 
of the set as axioms to theorems. But these new sorts of presuppositions 
are alleged to be related to scientific methods and assertions not simply 
(if at all) as axioms to theorems, but in some other, deeper sense which 
will be discussed in the course of this paper. For most writers, these 
presuppositions are not what are ordinarily taken to be fundamental 
scientific laws or theories or to contain the ordinary kind of scientific 
concepts; they are more fundamental even than that—more ‘global’, 
as Kuhn says [1, p. 43]. Even when they are called ‘theories’, as by 
Feyerabend, it turns out (as we shall see) that the author does not really 
mean that word in any usual sense; and even when the author speaks of 
a certain scientific law as having the character of a fundamental pre- 
supposition—as Toulmin describes the law of inertia—he reinterprets that 
law in an entirely novel way. We eae 

Again, in opposition to what might be called a Kantian view, the 
presuppositions are held to vary from one theory or tradition to another; 
indeed, what distinguishes one theory or tradition from another ulti- 
mately is the set of presuppositions underlying them. Hence, although 
these writers hold that some presuppositions always have been made and 
(at least according to some authors) must always be made, there is no 
single set which must always be made. In defending these views, as has 
been suggested above, the authors make extensive appeal to cases from 
the history of science. i 

More positively, different writers characterize these ‘presuppositions’, 
as I have called them, in different ways—but, as we shall see with much 
in common, despite significant differences. Koyré speaks of a ‘philosophic 
background’ influencing the science ofa time [14, p. 192]; Palter, too, 
speaks of ‘“philosophic” principles which tend to diversify scientific 
theories’ [20, p. 116]. Toulmin calls them ‘ideals of natural order’ or 
‘paradigms’, and describes them as ‘standards of rationality and intelli- 
gibility’ [22, p. 56] providing ‘fundamental patterns of expectation’ 
[p. 47]. ‘We see the world through them to such an extent that we for- 
get what it would look like without them’ [p. 101]; they determine 
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what questions we will ask as well as ‘giving significance to [facts] and 
even determining what are “facts” for us at all’ [p. 95]. Finally, ‘Our 
“ideals of natural order” mark off for us those happenings in the world 
around us which do require explanation, by contrasting them with “the 
natural course of events”—i.e., those events which do not’ [p. 79]. He 
suggests that ‘These ideas and methods, and even the controlling aims 
of science itself, are continually evolving’ [p. 109] ;and inasmuch as what 
counts as a problem, a fact, and an explanation (among other things) 
change with change of ideal, it follows that we cannot hope to gain an 
understanding of these basic features of Science by merely examining 
logical form; we must examine the content of particular scientific views. 
‘In studying the development of scientific ideas, we must always look 
out for the ideals and paradigms men rely on to make Nature intelligible’ 
[p. 181]. 

Kuhn’s The Structure of Scientific Revolutions presents a view which 
is in many respects similar to that of Toulmin. Analyzing the notion of 
‘normal science’ as a tradition of workers unified by their acceptance of 
a common ‘paradigm’, Kuhn contrasts normal science with scientific 
revolutions: ‘Scientific revolutions are . . . non-cumulative episodes in 
which an older paradigm is replaced in whole or in part by an incom- 
patible new one.’ [1, P- 91] Kuhn considers his paradigms as being not 
merely rules, laws, theories, or the like, or a mere sum thereof, but some- 
thing more ‘global’ [p. 93] , from which tules, theories, and the like can 
be abstracted, but to which no mere statement of rules, theories, and so 
forth can do justice. A paradigm consists of a ‘strong network of commit- 
ments—conceptual, theoretical, instrumental, and methodological’ 
among these commitments are ‘quasi-metaphysical’ ones [pp. 42-2]. A 
paradigm is, or at least includes, ‘some implicit body of intertwined 
theoretical and methodological belief that permits selection, evaluation, 
and criticism’ [pp. 16-17] ;it is ‘the source of the methods, problem-field, 
and standards of solution accepted by any mature scientific community 
at any given time’ [p. 102]. Even what counts as a fact is determined 
by the paradigm. Because of this pervasive paradigm-dependence, ‘the 
reception of a new paradigm often necessitates a redefinition of the 
corresponding science. .. . And 
the standard that distinguishes a real Scientific solution from a mere 
metaphysical speculation, world game, or mathematical play. The normal- 
scientific tradition that emerges from a scientific revolution is not only 
incompatible but often actually incommensurable with that which has 
gone before’ [p. 102]. Thus, a paradigm entails ‘changes in the standards 
explanations’—changes 
the terms used in two 
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different paradigm traditions are ‘often actually incommensurable’, 
incomparable [p. 105]. 

It thus appears that there are at least the following theses held in 
common by a number of proponents of the ‘new philosophy of science’ 
(including, as we shall see, Feyerabend): 

(a) A presupposition theory of meaning: the meanings of all scientific 
terms, whether ‘factual’ (‘observational’) or ‘theoretical’, are determined 
by the theory or paradigm or ideal of natural order which underlies them 
or in which they are embedded. This thesis is in opposition to the tradi- 
tional view of logical empiricism to the effect that there is an absolute, 
theory-independent distinction between ‘theoretical terms’ and ‘obser- 
vation terms’, the latter having the same meanings, or at least a core of 
common meaning, for all (or at least for competing) scientific theories, 
and against which different theories are judged as to adequacy. It also 
opposes the attempt to distinguish, in a final manner, ‘meaningful’ 
(verifiable’, ‘confirmable’, or perhaps ‘falsifiable’) statements from ‘mean- 
ingless’ (‘metaphysical’) ones. 

(b) A presupposition theory of problems that will define the domain 
of scientific inquiry, and of what can count as an explanation in answer 
to those problems. (Most obviously, this thesis is directed against the 
attempt of Hempel and others to give a ‘deductive-nomological and 
statistical’ analysis of the concept of scientific explanation.) 

(c) A presupposition theory of the relevance of facts to theory, of 
the degree of relevance (i.e., of the relative importance of different facts, 
and, generally, of the relative acceptability or unacceptability of differ- 
ent scientific conclusions (laws, theories, predictions). (This thesis is 
directed primarily against the possibility, or at least the value as an inter- 
pretation of actual scientific procedure, of a formal ‘inductive logic’ in 
Carnap’s sense.) 

It will be the purpose of this essay to examine critically some aspects 
of this revolutionary philosophy of science, especially what I have called 
the ‘presupposition theory of meaning’, although, in later parts of the 
paper, something will be said also about other facets of these new ideas. 
I will focus my critical examination on one particular view, that presented 
by Paul Feyerabend in a number of papers, especially [60], [62] and 
[63]. After discussing his views as presented in those papers, I will con- 
sider his recent attempt in [61] to clarify his position. At the end of this 
discussion of Feyerabend’s work, | will compare my criticisms of him 
with criticisms which I have raised previously against Kuhn [24]. This 
comparison will enable us to see some deeply underlying mistakes (or 
rather excesses) of the ‘new philosophy of science’. 

Feyerabend bases his position on an attack on two principles following 
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from the theory of explanation which is ‘one of the cornerstones of con- 
temporary philosophical empiricism’. These two principles are (1) the 
consistency condition: ‘Only such theories are . . . admissible in a given 
domain which either contain the theories already used in this domain, 
of which are at least consistent with them inside the domain’; (2) the 
condition of meaning invariance: ‘meanings will have to be invariant with 
respect to scientific progress; that is, all future theories will have to be 
framed in such a manner that their use in explanations does not affect 
what is said by the theories, or factual reports to be explained’ [63, pp. 
163-4]. 

In opposition to these two conditions, Feyerabend argues (1) that 
scientific theories are, and ought to be, inconsistent with one another, 
and (2) that ‘the meaning of every term we use depends upon the theoreti- 
cal context in which it occurs. Words do not ‘mean’ something in isola- 
tion; they obtain their meanings by being part of a theoretical system’ 
[p. 180]. This dependence of meaning on theoretical context extends 
also to what are classified as ‘observation terms’; such terms, like any 
others, depend for their meanings on the theories in which they occur. 
The meanings of theoretical terms do not depend (as they were alleged 
to by the logical empiricist tradition) on their being interpreted in terms 
of an antecedently understood observation-language; on the contrary, 
Feyerabend’s view implies a reversal 


in the relation between theory and observation. The philosophies we have 
been discussing so far [i.e. versions of empiricism] assumed that obser- 
vation sentences are meaningful per se, that theories which have been 
separated from observations are not meaningful, and that such theories 
obtain their interpretation by being connected with some observation 
language that possesses a stable interpretation. According to the point 
of view I am advocating, the meaning of observation sentences is deter- 
mined by the theories with which they are connected. Theories are mean- 
ingful independent of observations; observational statements are not 
meaningful unless they have been connected with theories, . .. It is there- 
fore the observation sentence that is in need of interpretation and not 
the theory [63, p. 213]. 


What, then, of the traditional empiricist view that a theory must be tested 
by confrontation with objective (theory-independent) facts and that 
one theory is chosen over another because it is more adequate to the 
facts—facts which are the same for both theories? Such factual confron- 


tation, Feyerabend tells us, will not work for the most fundamental 
scientific theories: 


It is usually assumed that observation and experience play a theoretical 
role by producing an observation sentence that by virtue of its meaning 
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(which is assumed to be determined by the nature of the observation) 
may judge theories. This assumption works well with theories of a low 
degree of generality whose principles do not touch the principles on 
which the ontology of the chosen observation language is based. It works 
well if the theories are compared with respect to a background theory 
of greater generality that provides a stable meaning for observation sen- 
tences. However, this background theory, like any other theory, is itself 
in need of criticism [63, p. 214]. 


But the background theory cannot be criticized on its own terms; argu- 
ments concerning fundamental points of view are ‘invariably circular. 
They show what is implied in taking for granted a certain point of view, 
and do not provide the slightest foothold for a possible criticism’ [p. 150]. 
How, then, are such theories to be criticized? The theory-dependence 
of meanings, together with the fact that each theory specifies its own 
observation-language, implies, according to Feyerabend, that ‘each theory 
will have its own experience’ [p. 214]. This, however, does not prevent 
the facts revealed by one theory from being relevant to another theory. 
This means, in Feyerabend’s eyes, that in order to criticize high-level 
background theories, ‘We must choose a point outside the system or the 
language defended in order to get an idea of what a criticism would look 
like’ [p. 151]. It is necessary to develop alternative theories: 


Not only is the description of every single fact dependent on some 
theory . . ., but there also exist facts that cannot be unearthed except 
with the help of alternatives to the theory to be tested and that become 
unavailable as soon as such alternatives are excluded [63, p. 175). 

Both the relevance and the refuting character of many decisive facts 
can be established only with the help of other theories that, although 
factually adequate, are not in agreement with the view to be tested... . 
Empiricism demands that the empirical content of whatever knowledge 
we possess be increased as much as possible. Hence, the invention of 
alternatives in addition to the view that stands in the center of discussion 
constitutes an essential part of the empirical method [63, p. 176]. 


An adequate empiricism itself therefore requires the detailed develop- 
ment of as many different alternative theories as possible, and ‘This... 
is the methodological justification of a plurity of theories [p. 150]. 
Since meanings vary with theoretical context, and since the purpose 
of such theoretical pluralism is to expose facts which, while relevant to 
the theory under consideration, cannot be expressed in terms of that 
theory, and would not ordinarily be noticed by upholders of that theory 
(or speakers of that language), it follows that we cannot be satisfied with 
alternatives that are ‘created by arbitrarily denying now this and now 
that component of the dominant point of view’ [p.149]. On the contrary, 
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“Alternatives will be the more efficient the more radically they differ 
from the point of view to be investigated’ [p. 149]. In fact, ‘It is. . . 
better to consider conceptual systems all of whose features deviate from 
the accepted points of view’, although ‘failure to achieve this in a single 
step does not entail failure of our epistemological program’ [p. 254]. 
Thus ‘the progress of knowledge may be by replacement, which leaves 
no stone unturned, rather than by subsumption. . .. A scientist or a 
philosopher must be allowed to start completely from scratch and to re- 
define completely his domain of investigation’ [p. 199]. 

There are a number of difficulties with these views, both as to inter- 
preting what, exactly, they are supposed to assert, and—when one can 
arrive at an interpretation—as to whether they are adequtely defended 
or, even if not, whether they are correct. 

First, it is not clear whether Feyerabend believes that it is impossible 
ever to change a theoretical context (to change a theory) without violating 
the conditions of meaning invariance and consistency—so that the older 
empiricist viewpoint cannot be correct—or whether, while those con- 
ditions can, in some cases at least, be satisfied, it is inadvisable or un- 
desirable to do so. On the one hand, we are led to believe that the theory- 
dependence of meanings is a necessary truth, that since the meaning of 
every term depends on its theoretical context; therefore a change of 
theory must produce a change of meaning of every term in the theory. 
But on the other hand, we learn that the two conditions are ‘adopted 
by some scientists’: 


The quantum theory seems to be the first theory after the downfall of 
the Aristotelian physics that has been quite explicitly constructed, at 
least by some of the inventors, with an eye both on the consistency con- 
dition and on the condition of meaning invariance. In this respect it is 
very different indeed from, say, relativity, which violates both consistency 
and meaning invariance with respect to earlier theories [p. 167]. 

That is to say, the Copenhagen Interpretation of quantum theory, re- 
stated by Feyerabend as a ‘physical hypothesis’, holds that the terms 
‘space’, ‘time’, ‘mass’, etc., are used by quantum theory in their classical 
senses; and Feyerabend declares himself ‘prepared to defend the Copen- 
hagen Interpretation as a physical hypothesis and I am also prepared to 
admit that it is superior to a host of alternatives’ [60, p. 201]. Thus, 
Feyerabend alleges that this view is evidence for the possibility of up- 
holding meaning invariance. If, however, meanings must vary with theor- 
etical context, and if—as surely must be admitted under any reasonable 
interpretation of the expression ‘difference of theoretical context’—those 
classical terms occur in a different theoretical context when they occur 
in quantum-theoretical context, then they should have meanings which 
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are different from their meanings in classical physics. In short, in Feyera- 
bend’s own terms we are hard put to understand his contention, in [61], 
that the Copenhagen Interpretation (restated as a physical hypothesis), 
while it is overly dogmatic in barring theories which are inconsistent with 
it and whose terms differ in meaning from its own, is nevertheless a 
satisfactory scientific theory. 

These difficulties concerning the general thesis of the theory-depend- 
ence of meanings have implications for the more specific view that there 
is no core of observational meaning which is common to all theories and 
which provides the basis for testing and comparing them. Can there be 
no observational core? Or is it merely undesirable to maintain one? De- 
spite the suggestions conveyed by Feyerabend’s statements about the 
relations between theories and meanings, we find that ‘it is completely 
up to us to have knowledge by acquaintance and the poverty of content 
that goes with it or to have hypothetical knowledge, which is corrigible, 
which can be improved, and which is informative’ [63, p. 259]. Again, 
he tells us that ‘the ideal of a purely factual theory . . . was first realized 
by Bohr and his followers . . .’ [p. 162]—‘factual’ because everything in 
quantum theory, on Bohr’s view, is to be expressed in ‘purely obser- 
vational’ terms, the classical terms ‘space’, ‘time’, ‘mass’, etc. being taken 
(strangely!) as ‘purely observational’. 

Again, although we are told that ‘the meaning of every term we use 
depends upon the theoretical context in which it occurs’ [p. 180]—sug- 
gesting that the slightest alteration of theoretical context alters the mean- 
ing of every term in that context—Feyerabend introduces, at numerous 
points, qualifications which appear to contradict this thesis. Thus, “High- 
level theories . . . may not share a single observational statement’ [p.216, 
italics added] although one would suppose that, if they are really different 
theories, all their terms would be different in meaning, so that it is diffi- 
cult to see how they could share any statement. Similar difficulties arise 
with regard to the qualifications made in such remarks as the following: 


Statements that are empirically adequate and are the result of observation 
(such as ‘here is a table’) may have to be reinterpreted . . . because of 
changes in sometimes very remote parts of the conceptual scheme to 
which they belong [63, p. 180, italics added]. 

. . . the methodological unit to which we must refer when discussing 
questions of test and empirical content is constituted by a whole set of 
partly overlapping, factually adequate, but mutually inconsistent theories 
[p. 175]. 

The root of such difficulties is, of course, the lack of sufficient ex- 
planation and detailed defense which Feyerabend offers of his doctrine 
of the theory-dependence of meanings. We are given no way of deciding 
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either what counts as a part of the ‘meaning’ of a term or what counts as a 
‘change of meaning’ of a term. Correspondingly, we are given no way of 
deciding what counts as a part ofa ‘theory’ or what counts as a ‘change of 
theory’. Hence, it is not clear what we should say when confronted with 
proposed objections to Feyerabend’s analysis. We may be confronted, 
for example, with cases of theoretical changes which seem too minor to 
affect the meanings of the expression concerned (much less terms ‘far 
removed’ from the area of change): the addition of an epicycle;a change 
in the value of a constant; a shift from circular to elliptical orbits;® the 
ascription of a new property to some type of entity. Yet such cases might 
not be accepted by Feyerabend as counting against him; he might con- 
sider such changes as not really being changes of theory (perhaps they 
are only changes in theory, but at what point, exactly, do such changes 
become major enough to constitute changes of theory—i.e., to affect 
meanings?). Or, alternatively, perhaps he would consider that the mere 
difference itself constitutes a change of meaning of all terms in the theory 
—so that the doctine that ‘meanings change with change context’ be- 
comes a tautology. 

It seems sensible to ask whether every change constitutes a change of 
meaning, but what Feyerabend would say about this is unclear. Much 
the same must said about the question of whether every change consti- 
tutes a change of theory. What, on Feyerabend’s view, is the appropriate 
reply to objections such as the following: Do mere extensions of applica- 
tions of a theory make a difference to the ‘theoretical context’, and so 
to the meanings, of the terms involved? Do alternative axiomatizations 
constitute different theoretical-contexts, so that the meanings of the 
expressions axiomatized change with reaxiomatization? And do logical 
terms, like ‘and’ and ‘if-then’, change their meanings under alteration of 
theory? Presumably, one would want to answer such questions in the 
negative; but Feyerabend does not deal with such points, and his state- 
ments about the relation between meaning changes and changes of theory 
leave much to be desired. (Remember: ‘The meaning of every term we 
use depends upon the theoretical context in which it occurs.’) 

Further, what counts as part of a theory? Did Kepler’s mysticism 
determine the meanings of the terms used in his laws of planetary motion? 
And did the meanings of those laws change when they were removed 
from that context and incorporated in the Newtonian theory? Or to con- 
sider a more difficult question: Are Newton’s conceptions of ‘absolute 
space’ and ‘absolute time’ relevant parts of the theoretical context of his 

2 An objection of this sort is raised by P. Achinstein, ‘On the Meaning of Scien- 


tific Terms’, J. of Philosophy, 61 (1964), 497-509. Feyerabend’s [61], discussed 
later, is a reply to Achinstein’s paper. 
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mechanical theory, or are they essentially irrelevant? Where does onedraw 
the line? These difficulties might at first appear rather minor; one might 
want to reply, ‘But we can at least point to clear examples of theories, 
and this is all Feyerabend needs to make his point clear enough.’ This 
impression disappears, however, and the difficulty takes on crucial im- 
portance, when one looks closely at what Feyerabend means in talking 
about ‘theories’. The usual idea, made familiar to us by logicians, is that 
a theory is a set of statements formulable in a language, in which language 
alternatives (e.g., the denial) to the theory can also be expressed. Perhaps 
this is true for Feyerabend’s ‘lower-level’ theories (although this is not 
clear), but it certainly does not do justice to his conception of higher- 
level background theories. On the contrary, such theories are presupposed 
by a language, and in terms of that language, alternatives to the back- 
ground theory are absurd, inconceivable, self-contradictory. A theory is 
‘a way of looking at the world’ [62, p. 29]; it is really a philosophical 
point of view, a metaphysics, although it need not be so precise or well 
formulated; superstitutions also count as theories. Thus, we have the 
following (the only) explanation of what he means by a ‘theory’: 


In what follows, the term ‘theory’ will be used in a wide sense, including 
ordinary beliefs (e.g., the belief in the existence of material objects), 
myths (e.g., the myth of eternal recurrence), religious beliefs, etc. In 
short, any sufficiently general point of view concerning matter of fact 
will be termed a ‘theory’ [63, p. 219]. 


It is this breadth allowed to what can count as a theory that makes it 
difficult—even impossible—to say, in cases like that of Kepler’s mysticism 
and Newton’s absolutes, whether they are to be considered, on Feyera- 
bend’s view, as part of the theoretical context.” (Was Kepler perhaps 
holding two different, mutually independent theories in adhering to his 
laws of planetary motion on the one hand and to his mysticism on the 
other? But Feyerabend has given us no criterion for distinguishing the- 
ories—no ‘principle of individuation’ of theories- -and so this possibility 


is of no help either.) 
Still more difficulties arise: Ho 
sistency condition and the conditio 


° Thus, as the positions of the new approach and the older logical-empiricist 
movement are reversed with respect to the relations between theory and observa- 
tion, so also are their difficulties. For logical empiricism, observation terms were 
basic and it was ‘theoretical terms’ that had to be interpreted; and many of the dif- 
ficulties of that movement have revolved around the question of what counts as an 
‘observation term’. For the ‘new philosophy of science’, on the other hand, which 
takes the notion of ‘theory’ (or, for other writers than Feyerabend, some corres- 
Ponding notion like ‘paradigm’) as basic, difficulties arise concerning what counts 


as a theory. 


How is it possible to reject both the con- 
n of meaning invariance? For in order 
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for two sentences to contradict one another (to be inconsistent with one 
another), one must be the denial of the other; and this is to say that 
what is denied by the one must be what the other asserts; and this in 
turn is to say that the theories must have some common meaning. Perhaps 
Feyerabend has in mind some special sense of ‘inconsistent’ (although he 
claims not to be abandoning the principle of noncontradiction), or else 
of ‘meaning’; but in the absence of any clarification, it is difficult to see 
how one could construct a theory which, while differing in the meanings 
of all its terms from another theory, can nevertheless be inconsistent with 
that other theory. It is no wonder that Feyerabend, like Kuhn, often uses 
the word ‘incommensurable’ to describe the relations between different 
background theories.!° 

This brings us to what I believe is the central difficulty in Feyerabend’s 
philosophy of science. He tells us that the most desirable kind of theories 
to have are ones which are completely different from the theory to be 
criticized—which ‘do not share a single statement’ with that theory, 
which ‘leave no stone unturned’. Yet—even if we agree to pass over any 
feelings of uneasiness we may have about what such an absolute differ- 
ence would be like—how could two such theories be relevant to one 
another? How is criticism of a theory possible in terms of facts unearthed 
by another if meaning depends on, and varies with, theoretical context, 
and especially if there is nothing common to the two theories? Facts, 
after all, on Feyerabend’s view, are not simply ‘unearthed’ by a theory; 
they are defined by it and do not exist for another theory. (‘Each theory 
will possess its own experience, and there will be no overlap between 
those experiences.’) Even if two sentences in two different theories are 
written in the same symbols, they will have different meanings. How, 
then, can evidence for or against a theory be forthcoming because of 
another theory which does not even talk the same language—and in a 
much stronger sense that that in which French and English are different 
languages, since, for Feyerabend’s two radically different high-level 


theories, presumably, translation—even inaccurate translation—appears 
to be impossible in principle? 


1° In a footnote to [63] Feyerabend gives 
‘Two theories will be called incommensurabl. 


a common language, then in what way are the ‘main descriptive terms’ of the 
theories ‘dependent’ on them in sucha way that those terms are not even ti 
table into one another? The characterization of incommensurability given in [61] 


does not seem to differ from that given in [63] and so does not help answer these 
objections. 
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But even if facts unearthed by one high-level theory could be relevant 
to the testing of some other, completely different theory, it is hard to 
see how such relevant criticism could be effective. For why shouldit not 
be possible to reinterpret the fact unearthed by the alternative theory 
so that it either is no longer relevant or else supports our theory? Feyera- 
bend’s own words lend credence to this: ‘Observational findings can be 
reinterpreted, and can perhaps even be made to lend support to a point 
of view that was originally inconsistent with them’ [63, p. 202]. And 
he himself asks the crucial question: ‘Now if this is the case, does it not 
follow that an objective and impartial judge of theories does not exist? 
If observation can be made to favor any theory, then what is the point 
of making observations?’ [p. 202]. 

How, then, does Feyerabend answer this question? What are ‘the 
principles according to which a decision between two different accounts 
of the external world can be achieved’ [p. 216] , when those two accounts 
are high-level background theories which are so radically different as to 
leave no stone unturned? He lists three such principles. ‘The first [pro- 
cedure] consists in the invention of a still more general theory describing 
a common background that defines test statements acceptable to both 
theories’ [pp. 216-17]. But this third theory is still a different theory, 
and even though it contains a subset of statements which look exactly like 
statements in the two original theories, the meanings of those statements 
in the new metatheory will still be different from the meanings of the 
corresponding statements in either of the two original theories. In fact, 
the meanings will be radically different; for any term in the metatheory 
will have, as part of the theoretical context which determines its mean- 
ing, not only the set of statements corresponding to statements in one 
of the two original theories, but also a set of statements corresponding 
to statements in the other, radically different original theory. The con- 
text of any term in the new metatheory will thus be radically different 
from the context in which a corresponding term occurred in one of the 
two original theories, and so its meaning will be radically different. Thus, 
the same problems arise concerning the possibility of comparing the 
metatheory with either of the two original theories as arose with regard 
to the possibility of comparing the two original theories with one another. 

‘The second procedure is based upon an internal examination of the 
two theories. The one theory might establish a more direct connection 
to observation and the interpretation of observational results might also 
be more direct’ [p. 217]. I confess that I do not understand this, since 


each theory defines its own facts or experience, and what could be more 


direct than this? . : 
Feyerabend’s third procedure for choosing between two different 
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high-level theories consists of ‘taking the pragmatic theory of observation 
seriously’ [p. 217]. He describes this theory as follows: 


A statement will be regarded as observational because of the causal con- 
text in which it is being uttered, and not because of what it means. Ac- 
cording to this theory, ‘this is red’ is an observation sentence because a 
well-conditioned individual who is prompted in the appropriate manner in 
front of an object that has certain physical properties will respond without 
hesitation with ‘this is red’; and this response will occur independently of 
the intepretation he may connect with the statement [ 63, p. 198]. 


According to the pragmatic theory, then, 


observational statements are distinguished from other statements not by 
their meaning, but by the circumstances of their production. . . . These 
circumstances are open to observation and . . . we can therefore deter- 
mine in a straightforward manner whether a certain movement of the 
human organism is correlated with an external event and can therefore 
be regarded as an indicator of this event [63, p. 212]. 


This theory provides, according to Feyerabend, a way of choosing be- 
tween even radically different high-level background theories: 


It is bound to happen, then, at some stage, that the alternatives do not 
share a single statement with the theory they criticize. The idea of obser- 
vation that we are defending here implies that they will not share a single 
observation statement either, To express it more radically , each theory 
will possess its own experience, and there will be no overlap between 
these experiences, Clearly, a crucial experiment is now impossible, It isim- 
Possible not because the experimental device would be too complex or 
expensive, but because there is no universally accepted statement capable 
of expressing whatever emerges from observation. But there is still human 
experience as an actually existing process, and it still causes the observer 
to carry out certain actions for example, to utter sentences of a certain 
kind. Not every interpretation of the sentences uttered will be such that 
the theory furnishing the interpretation predicts it in the form in which 
it has emerged from the observational situation. Such a combined use of 
theory and action leads to a selection even in those cases where acommon 
observation language does not exist... the theory—an acceptable theory, 
that is—has an inbuilt syntactical machinery that imitates (but does not 
describe) certain features of our experience. This is the only way in which 
experience judges a general cosmological point of view. Such a point of 
view 1s not removed because its observation statements say that there 
must be certain experiences that then do not occur. . . . It is removed if 
it produces observation sentences when observers produce the negation 
of these sentences. It is therefore still judged by the Predictions it makes. 
However, it is not judged by the truth or falsehood of the prediction- 
statements—this takes place only after the general backgroundhas been 
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settled—but by the way in which the prediction sentences are ordered by 
it and by the agreement or disagreement of this physical order with the 
natural order of observation sentences as uttered by human observers, 
and therefore, in the last resort, with the natural order of sensations [63, 
pp. 214-15]. 

It turns out that there is, after all, something that is theory-independent 
and against which we can compare and test theories: It is ‘human experi- 
ence as an actually existing process’, which causes the well-conditioned 
observer to utter a sequence of noises (observation sentences). That this 
takes place can be determined ‘in a straightforward manner’ (i.e. in- 
dependently of theory); it is only when we assign meanings to the 
sequence of noises uttered by the observer that we bring in theoretical 
considerations. The human organism emits results of experiments or 
experience (in the form of sequences of noises) which must be inter- 
preted in the light of theory, just as other scientific instruments produce 
pointer-readings which must then be interpreted in the light of theory. 
Theories are to be compared and judged, not by reference to their mean- 
ings (for those are necessarily different) but by reference to the common 
domain of ‘features of experience’ which they are concerned to ‘imitate’ 
or ‘order’: the theory, if it is an acceptable one, ‘has an inbuilt syntactical 
machinery’ which ‘produces observation sentences’; and the theory is to 
be ‘removed’ not when ‘its observation statements say that there must 
be certain experiences that then do not occur. . . . It is removed if it 
produces observation sentences when observers produce the negation of 
these sentences’. 

We thus have come back to an older empiricism: There is, after all, 
something common to all theories, in terms of which they can be com- 
pared and judged; only, what is objective, independent of theory, given, 
is not an observation-language but something nonlinguistic; for Feyera- 
bend’s observation sentences, being mere uninterpreted noises, are no 
more ‘linguistic’ than is a burp. We place an interpretation on this ‘given’ 
only when we read meanings into those utterances; and to read in mean- 
ings is to read in a theory. Hence, in the light of the pragmatic theory of 
observation, we must give a conservative interpretation to Feyerabend’s 
more radical declarations—e.g., that ‘the given is out’, that each theory 
‘possesses its own experience’. The given is indeed still ‘in’, and there is 
human observation, experience, which is the same for all theories: It is 
not theory-independent observation, but a theory-independent obser- 
vation language that Feyerabend is set against. 


is i ted now to go back and say that Feyerabend’s references to the 
Seven ypher ar Ehete are just slips of the pen—that it is not theories that, strictly 


speaking, have any overlap by virtue of which they can be compared, but only their 
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One can wonder, among other things, whether the view that state- 
ments made by human beings pop out as conditioned responses, as the 
word ‘Ouch!’ sometimes pops out when one is struck with a pin, is not 
a drastic oversimplification. More important for present purposes is the 
question as to whether Feyerabend has shown that theories can really be 
judged against one another despite the theory-dependence of meanings. 
The answer, it seems to me, is clearly that he has not; nothing has been 
said by the pragmatic theory of observation to remove the fatal objection 
of Feyerabend’s own words: ‘Observational findings can be reinterpreted, 
and can perhaps even be made to lend support to a point of view that 
was originally inconsistent with them’; and Feyerabend has still given 
no reason why the qualification ‘perhaps’ is included in this statement. 
Knowledge by acquaintance—raw, meaningless ‘human experience’ (in- 
cluding uninterpreted ‘observation statements’), after all, according to 
Feyerabend, exhibits a complete ‘poverty of content’: Such experience 
tells us nothing whatever; uninterpreted observation statements convey 
no information whatsoever and, therefore, cannot convey information 
which would serve as a basis for ‘removing’ a theory. They can do so 
only when they are assigned meanings and, thereby, are infused with a 
theoretical interpretation. This ‘poverty of content’, therefore, not only 
leaves open the possibility of interpretation, but even requires that inter- 
pretation be made in order to allow judgment of theories. It is not any 
help to say that theories must at least ‘imitate’ the ‘order’ of experiences 
(‘and ultimately the order of sensations’). For scientific theories often, as 
a matter of fact, alter that order rather than imitate it; and in many 
cases, some of the elements of experience are declared irrelevant. So 
‘interpretation’, rather than ‘imitation’, takes place even with regard to 
the alleged ‘order’ of experience or sensations. And with the liberty—no, 
rather with the license—which Feyerabend grants us for interpreting 
experience, for assigning meanings to observation statements, we must 
conclude that, with regard either to single ‘experiences’ (or observation 
statements) or allegedly ordered sets of them, anything goes: We are 
always able to interpret experience so that it supports, rather than refutes, 
our theory. The truth of the matter is thus that Feyerabend’s kind of 
experience is altogether too weak, in its pristine, uninterpreted form, to 
serve as grounds for ‘removal’ of any theory; and his view of meaning is 
too strong to preclude the possibility of any interpretation whatever of 


domain of experiences. If this is a proper reinterpretation of Feyerabend’s position, 
it only serves to emphasize how very radically (and peculiarly) he conceives of dif- 
ference of meaning, as constituting a complete ‘incommensurability’. This reinter- 
pretation will in any case, however, not help Feyerabend, for reasons to be explain- 
ed below, experiences’, in his sense, cannot provide a basis for comparison (‘overlap’) 
either. 
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what is given in experience.’ 

I have confined the above remarks to those sorts of high-level back- 
ground theories which ‘leave no stone unturned’. One might suppose that 
the situation is less serious with less radically different theories. There, 
at least, there are some similarities, and perhaps relevance can be estab- 
lished and comparison made of the two theories on the basis of those 
similarities. One might suppose, for example, that a slight amendment 
of Feyerabend’s position, introducing the notion of degrees of likeness 
of meaning, might answer the question of how theories all of whose terms 
must differ in meaning can yet, in some cases at least, be mutually rel- 
evant, since the relevance could be established through the likenesses, 
despite the differences. This view would also remove our difficulties, 
discussed above, with Feyerabend’s description of some background 
theories as, e.g., ‘partially overlapping’. Prima facie, this seems a promis- 
ing move to make, although the notion of ‘degrees of likeness of mean- 
ing’ may well introduce complications of its own; and in any case, making 
this move, as will become clear in what follows, would be tantamount 
to confessing that Feyerabend’s technical notion of ‘meaning’ is an un- 
necessary obstruction to the understanding of science. In any case, how- 
ever, it is not a move that Feyerabend himself makes.! We have seen 
that he admits only three ways of comparing and judging two high-level 
theories: by constructing a metatheory, by examining the relative ‘direct- 
ness’ of their connection with experience, or via their common domain 
of experience. Different high-level theories, even those which are ‘par- 
tially overlapping’, are apparently not comparable in spite of their simi- 
larities; Feyerabend’s general tendency is to look on the similarities as 
rather unimportant, superficial, inessential. And this is only what we 
would expect if likeness and difference of meaning are not a matter of 
degree, for if difference of meaning makes all the difference, then any 
two theories must be incommensurable, incomparable, despite any 


‘imitated’ es not itself presuppo: a } e 
Pa by teitheory. 6 ertain theory is successful in imitating experience 


view that a theory is more relevan! 
ferent the two are. 
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(superficial, inessential) similarities. Thus, all our dire conclusions re- 
garding theories which have nothing in common are extended even to 
theories which do not turn every stone. 

We are thus left with a complete relativism with regard not only to 
the testing of any single theory by confrontation with facts, but also to 
the relevance of other theories to the testing of that theory. Feyerabend’s 
attempts ‘to formulate a methodology that can still claim to be empirical’ 
[63, p. 149] as well as his efforts to justify a ‘methodological pluralism’, 
have ended in failure. 


In a recent short paper, ‘On the ‘Meaning’ of Scientific Terms’, Feyera- 
bend has attempted to reply to some criticisms of his views which had 
been raised by Achinstein and which are similar to some of the questions 
raised above concerning the interpretation of Feyerabend’s views on 
meaning variance and the dependence of meaning on theoretical context. 
In that paper, Feyerabend admits that certain changes, although they 
count as changes of theory, do not involve a change of meaning. He cites 
as an example a case of two theories, T (classical celestial mechanics) and 
T (like classical celestial mechanics except for a slight change in the 
strength of the gravitation potential). T and T, he declares, 


are certainly different theories—in our universe, where no region is free 
from gravitational influence, no two predictions of T and T will coincide. 
Yet it would be rash to say that the transition T > T involves a change 
of meaning. For though the quantitative values of the forces differ almost 
everywhere, there is no reason to assert that this is due to the action of 
different kinds of entities [61, p. 267]. 


It thus appears that Feyerabend wants to say that two theories are dif- 
ferent theories if they assign different quantitative values to the factors 
involved (‘almost everywhere’); and the meanings of terms involved are 
different if they have to do with different kinds of entities. He makes his 


notion of ‘change of meaning’ (and, conversely, of ‘stability of meaning’) 
explicit in the following Passage: 


A diagnosis of stability of meaning involves two elements. First, reference 
is made to rules according to which objects or events are collected into 
classes. We may say that such rules determine concepts or kinds of objects. 
Secondly, it is found that the changes brought about by a new point of 
view occur within the extension of these classes and, therefore, leave 
the concepts unchanged. Conversely, we shall diagnose a change of 
meaning either if a new theory entails that all concepts of the pre- 
ceding theory have extension zero or if it introduces rules which cannot 
be interpreted as attributing specific properties to objects within already 
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existing classes, but which change the system of classes itself [61, p. 
268) .1* 


At first glance, this discussion does seem to introduce some clarifica- 
tion, although at the price of adopting what seems an unreasonably 
extreme notion of ‘difference of theory’ (after all, a slight refinement in 
the value of a fundamental constant will lead to widespread differences 
in quantitative predictions, and so, on Feyerabend’s criterion, to a new, 
‘different’ theory). However, closer inspection reveals that the improve- 
ment achieved is by no means substantial. Consider the analysis of 
‘change of meaning’ (and, correlatively, of ‘stability of meaning’). This 
analysis depends on the notion of being able to collect ‘entities’ (‘objects 
or events’) into classes, and this in turn rests on being able to refer to 
‘rules’ for so collecting them. If the changes occur only within the exten- 
sions of these classes (‘kinds of entities’, ‘objects or events’), the mean- 
ings have not changed; if the new theory changes the whole system of 
classes (or ‘entails that all concepts of the preceding theory have exten- 
sion zero’), the meanings have changed. However, first, in order to apply 
this criterion, the rules of classification must be unique and determinate, 
allowing an unambiguous classification of the ‘entities’ involved. Other- 
wise, we might not be able to determine whether the system of classes, 
or merely the extension of the previous classes, has changed. Further- 
more, there may be two different sets of rules and consequent systems 
of classification, according to one of which a change of meaning has 
taken place, while the other implies that the meaning has not changed. 
Indeed, this would seem to be generally the case: One can, in scientific 
as in ordinary usage, collect entities into classes in a great variety of 
ways, and on the basis of a great variety of considerations (‘rules’); and 
which way of classifying we use depends largely on our purposes and 
not simply on intrinsic properties of the entities involved by means of 
which we are supposed to fit them unambiguously into classes. Are 
mesons different ‘kinds of entities’ from electrons and protons, or are 
they simply a different subclass of elementary particles? Are the light 
rays of classical mechanics and of general relativity (two theories which 
Feyerabend claims are ‘incommensurable’) different ‘kinds of entities’ or 
not? Such questions can be answered either way, depending on the kind 
of information that is being requested (this is to say that the questions, 
ange of meaning has some consequences that 
If a new theory entails that one concept of the 


Preceding theory has extension zero, apparently no meaning change has taken place. 
If all but one of the classes of the preceding theory have extension Zero, again no 
meaning change has taken place. And if the extensions of all classes are changed 
radically, but not so much that the previous extensions are zero, again no meaning 


change has taken place. 


14Feyerabend’s criterion of ch: 
seem paradoxical, to say the least. 
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as they stand, are not clear), for there are differences as well as similarities 
between electrons and mesons, as between light rays in classical mech- 
anics and light rays in general relativity. They can be given a simple 
answer (‘different’ or ‘the same’) only if unwanted similarities or differ- 
ences are stipulated away as inessential. And even if we agree to Feyera- 
bend’s (rather arbitrary) decision ‘not to pay attention to any prima facie 
similarities that might arise at the observational level, but to base our 
judgment [as to whether change or stability of meaning has occurred] 
on the principles of the theory only’ [61 p. 270], the spatiotemporal 
frameworks of classical mechanics and general relativity are still com- 
parable with respect to their possession of certain kinds of mathematical 
properties—metrical and topological ones (both theories have something 
to do with ‘spaces’ in a well-defined mathematical sense). And the ques- 
tion must still arise—and is equally useless and answerable only by stipu- 
lation—as to whether the spatiotemporal frameworks involved share the 
same kinds of properties and are the same kinds of entities (‘spaces’) or 
whether these properties are not ‘specific’ enough to count toward 
making those frameworks the same ‘kinds of entities’.!5 

Under any interpretation, it ishard to see how any theory would entail 
that all the concepts of a rival theory have extension zero or would 
change the whole system of classes.!° Even theories having to do with very 
different subjects—e.g. geological theories of the structure and evolution 
of the earth on the one hand and physical theories of waves and their trans- 
mission on the other—have something in common. (Theories of the 
structure and evolution of the earth in fact depend intimately on the 
ways in which earthquake waves are transmitted through different kinds 
of material.) Of course, one can say, in examples like this, that the physical 
theory is part of the ‘borrowed background’ of the geological theory 
rather than being part of the geological theory. But this again simply 
throws us back to the question, asked earlier in regard to Feyerabend’s 
views, of what is and what is not supposed to be included in a ‘theory’. 


MEANINGS AND THE ANALYSIS OF SCIENCE 


We have seen that Feyerabend’s interpretation of science eventuates ina 
complete relativism, in which it becomes impossible, as a consequence of 
his views, to compare any two scientific theories and to choose between 
: is e apena admits that his criteria require supplementation: ‘It is important 

o realize that these two criteria lead to unambiguous results only if some further 
decisions are first made. Theories can be subjected to a variety of interpretations 


A pace Bae his ensuing discussion does nothing to take care of the difficul- 
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them on any but the most subjective grounds. In particular, his ‘prag- 
matic theory of observation’, which constitutes his main effort to avoid 
this disastrous conclusion, does not succeed in doing so for, inasmuch 
as all meanings are theory-dependent, and inasmuch as theories can be 
shaped at will, and inasmuch, finally, as all observational data (in his 
sense) can be reinterpreted to support any given theoretical framework, 
it follows that the role of experience and experiment in science becomes 
a farce. In trying to assure freedom of theorizing, Feyerabend has made 
theory-construction too free; in depriving observation statements of any 
meaning whatever (independent of theories), he has deprived them also 
of any power of judgment over theories: They must be interpreted by 
reading meaning into then, and thus reading theory into them; and we 
are at liberty to interpret them as we will—as irrelevant, or as supporting 
evidence. By granting unlimited power of interpretation, on the one 
hand, over that which allows limitless possibilities of interpretation on 
the other, Feyerabend has destroyed the possibility of comparing and 
judging theories by reference to experience. And by holding that all 
meanings vary with theoretical context, and by implying that a differ- 
ence of meaning is a fortiori a complete difference, an ‘incommensur- 
ability’, he has destroyed the possibility of comparing them on any other 
grounds either. 

In the first section of this chapter, I called attention to the very great 
similarities between Feyerabend’s views and those of a number of other 
recent writers whom I grouped together, on the basis of those similarities, 
as representatives of a new approach to the philosophy of science. Among 
those writers is Thomas Kuhn. There are differences, of course, between 
Kuhn’s views and those of Feyerabend. For example, while Feyerabend 
insists on the desirability of developing a large number of mutually in- 
consistent alternative theories at all stages of the history of science, 
Kuhn claims that, both as a matter of desirability and as a matter of fact 
through most of its actual development, science is ‘normal in the sense 
that there is one dominant point of view or ‘paradigm’ held in common 
by all the members of the tradition; it is only on the very exceptional 
and rare occasions of scientific revolutions that we find the development 
of competing alternatives. However, it is not in the differences, but rather 
in the similarities between their views that I am interested here. 

In view of these similarities, it is only to be expected that Kuhn’s and 
Feyerabend’s interpretations of science may be open to many of the 
same objections. This is indeed the case. In an earlier paper reviewing 
Kuhn’s book, The Structure of Scintific Revolutions, I made a number 
of criticisms of his views which are in fact remarkably like those which 
I tried to bring out in connection with Feyerabend [24]. Kuhn’s notion 
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of a ‘paradigm’, like Feyerabend’s notion of a ‘theory’, becomes so broad 
and general in the course of his discussion that we are often at a loss to 
know what to include under it and what to exclude. Again, neither author 
gives us a criterion for determining what counts as a part of the meaning 
of a term, or what counts as a change of meaning, even though these 
notions are central to their portrayals of science. They share other criti- 
cisms as well; most important for present purposes, however, is the fact 
(which I tried to establish for Kuhn in my review of his book, and for 
Feyerabend in this chapter) that both views result in relativism: The 
most fundamental sorts of scientific change are really complete replace- 
ments; the most fundamental scientific differences are really utter in- 
compatibilities. It will be instructive for us to compare the source of this 
relativism in these two writers, because the trouble, as I think could be 
shown, is shared by a large number of current writers representative of 
what I have called ‘the new philosophy of science’, and is, I think, the 
major pitfall facing that view. 

What are the grounds, in Kuhn’s view, for accepting one paradigm as 
better, more acceptable, than another? He manages without difficulty 
to analyze the notion of progress within a paradigm tradition—i.e., within 
normal science. There, ‘progress’ consists of further articulation and 
specification of the tradition’s paradigm ‘under new or more stringent 
conditions’ [1, p. 23]. The trouble comes when we ask how we can say 
that ‘progress’ is made when one paradigm is replaced, through a scientific 
revolution, by another. For according to Kuhn, ‘the differences between 
successive paradigms are both necessary and irreconcilable’ [p. 102]; 
those differences consist in the paradigms’ being ‘incommensurable’: 
They disagree as to what the facts are, and even as to the real problems 
to be faced and the standards which a successful theory must meet. A 
paradigm change entails ‘changes in the standards governing permissible 
problems, concepts, and explanations’ [p. 105]; what is metaphysics 
for one paradigm tradition is science for another, and vice versa. It 
follows that the decisions of a scientific group to adopt a new paradigm 
cannot be based on good reasons of any kind, factual or otherwise; quite 
the contrary, what counts as a good reason is determined by the de- 
cision. Despite the presence in Kuhn’s book of qualifications to this 
extreme relativism (although, as in Feyerabend, these qualifications 
really only contradict his main view), the logical tendency of his 
position is clearly toward the conclusion that the replacement of one 
paradigm by another is not cumulative, but is mere change: Being ‘incom- 
mensurable’, two paradigms cannot be judged according to their ability 
to solve the same problems, deal with the same facts, or meet the same 
standards. For problems, facts, and standards are all defined by the 
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paradigm, and are different—radically , incommensurably different—for 
different paradigms. 

How similar this is to the logical path that leads to relativism in the 
case of Feyerabend! It is, in fact, fundamentally the same path: meanings, 
whether of factual or of any other sorts of terms, are theory- (paradigm-) 
dependent and, therefore, are different for different theories (para- 
digms); for two sets of meanings to be different is for them to be ‘in- 
commensurable’; if two theories (paradigms) are incommensurable, 
they cannot be compared directly with one another. Neither Kuhn nor 
Feyerabend succeeds in providing any extra-theoretical basis (theory- 
independent problems, standards, experiences) on the basis of which 
theories (paradigms) can be compared or judged indirectly. Hence, there 
remains no basis for choosing between them. Choice must be made with- 
out any basis, arbitrarily. Dr 

When their reasoning (and the objections thereto) is summarized in 
this way, it becomes obvious that the root of Kuhn’s and Feyerabend’s 
relativism, and of the difficulties, which lead to it, lies in their rigid con- 
ception of what a difference of meaning amounts to—namely, absolute 
incomparability, Sncommensurability’. Two expressions or sets of ex- 
pressions must either have precisely the same meaning or else must be 
utterly and completely different. If theories are not meaning-invariant 
over the history of their development and incorporation into wider or 
deeper theories, then those successive theories (paradigms) cannot really 
be compared at all, despite apparent similarities which must therefore 
be dismissed as irrelevant and superficial. If the concept of the history 
of science as a process of ‘development-by-accumulation’ is incorrect, the 
only alternative is that it must be a completely noncumulative process 
of replacement. There is never any middle ground and, therefore, it 
should be no surprise that the rejection of the positivistic principles of 
meaning-invariance and of development-by-accumulation leave us in a 
relativistic bind, for that is the only other possibility left open by this 
concept of difference of meaning. But this relativism, and the doctrines 
which eventuate in it, is not the result of an investigation of actual science 
and its history; rather, it is the purely logical consequence ofa narrow 
Preconception about what ‘meaning’ is. Nor should anyone be surprised 
that the root of the trouble, although not easy to discern until after a 
long analysis, should turn out to be such a simple point, for philosophical 
difficulties are often of just this sort. 

Having, then, found the place where Kuhn and Feyerabend took a 
wrong turn and ended by giving us a complete relativism with regard to 
the development of science, can we provide a middle ground by altering 
their rigid notion of meaning? For example, can we say that meanings 
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can be similar, comparable in some respects even while also being differ- 
ent in other respects? For by taking this path, we could hope to preserve 
the fact that, e.g., Newtonian and relativistic dynamics are comparable 
—something Feyerabend and Kuhn deny—even while being more funda- 
mentally different than the most usual logical empiricist views make 
them. Thus, we could hope, by this expedient, to avoid the excesses both 
of the positivistic view of the development of science as a process of 
development-by-accumulation (and systematization), characterized by 
meaning-invariance, and of the view of the ‘new philsophy of science’ 
that different theories, at least different fundamental theories (para- 
digms), are ‘incommensurable’. 

Whether this is a wise path to take depends on how we interpret this 
new concept of degrees of likeness (or difference) of meanings. For if 
we still insist on some distinction between what, in the use of a term, is 
and what is not a part of the meaning of the term, then we expose our- 
selves to the danger of relegating some features of the use of a term to 
the ‘less important’ status of not being ‘part of the meaning’. Yet those 
very features, for some purposes, may prove to be the very ones that 
are of central importance in comparing two uses, for relative importance 
of features of usage must not be enshrined in an absolute and a priori 
distinction between essential and inessential features. It thus seems wiser 
to allow all features of the use ofa term to be equally potentially relevant 
in comparing the usage of the terms in different contexts. But this step 
relieves the notion of meaning of any importance whatever as a tool for 
analyzing the relations between different scientific ‘theories’. If our 
Purpose is to compare the uses of two terms (or of the same term in 
different contexts), and if any of their similarities and differences are at 
least potentially relevant in bringing out crucial relations between the 
uses—the actual relevance and importance being determined by the 
problem at hand rather than by some intrinsic feature of the uses (their 
being or not being ‘part of the meaning’)—then what is the use of refer- 
ting to those similarities and differences as similarities and differences 
of ‘meaning’ at all? Once more, introducing the term ‘meaning’, and 
even admitting degrees of meaning, suggests that there may be simi- 
larities and differences which are not ‘part of the meaning’ of the terms, 
and this in turn might suggest that those features are, in some intrinsic, 
essential, or absolute sense less important than features which are ‘parts 
of the meaning’. For the Purpose of seeking out central features of scien- 
tific theories, and of comparing different theories, then, it seems un- 
necessary to talk about meanings, and on the other hand, that notion is 
potentially misleading. Worse still, we have already seen how that notion, 
which is made so fundamental in the work of Feyerabend and Kuhn, has 
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actually been an obstruction, misleading those authors into a relativistic 
impasse. 

All this is not to say that we cannot, or even that we ought not, use 
the term ‘meaning’, even often if we like—so long as we do not allow 
ourselves to be misled by it, as Kuhn and Feyerabend were misled by it, 
or as we are liable to be misled by talk about ‘degrees of likeness of mean- 
ing’. Nor is it to say that we could not formulate a precise criterion of 
meaning, which would distinguish between what is, and what is not, to 
count as part of the meaning, and which would also serve to specify what 
would count as a change of meaning. Nor is it to say that for some pur- 
Poses it might not be very valuable to formulate such a precise criterion. 
All that has been said is that, if our purpose is to understand the workings 
of scientific concepts and theories, and the relations between different 
scientific concepts and theories—if, for example, our aim is to understand 
such terms as ‘space’, ‘time’, and ‘mass’ (or their symbolic correlates) 
in classical and relativistic mechanics, and the relations between those 
terms as used in those different theories—then there is no need to intro- 
duce reference to meanings. And in view of the fact that that term has 
proved such an obstruction to the fulfilment of this purpose, the wisest 
Course seems to be to avoid it altogether as a fundamental tool for dealing 
with this sort of problem. 

Both the thesis of the theory-dependence of meanings (or, as I called 
it earlier—more accurately, as we have seen—the presupposition theory of 
Meaning), and its opponent, the condition of meaning-invariance, rest on 
the same kind of mistake (or excess). This does not mean that there is not 
Considerable truth (as well as distortion) in both theses. There are, for 
example, as Ihave argued in [24], statements that can be made, questions 
that can be raised, views that may be suggested as possibly correct, within 
the context of Einsteinian physics that would not even have made sense— 
would have been self-contradictory—in the context of Newtonian physics. 
And such differences, both naturally and, for many purposes, profitably, 
can be referred to as changes of meaning, indicating, among other things, 
that there are differences between Einsteinian and Newtonian terms that 
are not brought out by the deduction of Newtonianlike statements 
from Einsteinian ones. But attributing such differences to alterations of 
‘meaning’ must not blind one—as it has blinded Kuhn and Feyerabend— 
to any resemblances there might be between the two sets of terms. 


It is one of the fundamental theses of Kuhn’s view of science that it is 
impossible to describe adequately in words any paradigm; the paradigm, 
‘the concrete scientific achievement’ that is the source of the coherence 
of a scientific tradition, must not be identified with, but must be seen 
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as ‘prior to the various concepts, laws, theories, and points of view that 
may be abstracted from it’ [1, p. 11]. Yet why, simply because there are 
differences between views or formulations of views held by members of 
what historians classify as a ‘tradition’ of science, must there be asingle, 
inexpressible view held in common by all members of that tradition? No 
doubt some theories are very similar—so similar that they can be con- 
sidered to be ‘versions’ or ‘different articulations’ of one another (or of 
‘the same subject’). But this does not imply, as Kuhn seems to believe, 
that there must be a common ‘paradigm’ of which the similar theories 
are incomplete and imperfect expressions and from which they are 
abstracted. There need not be, unifying a scientific ‘tradition’, a single 
inexpressible paradigm which guides procedures, any more than our 
inability to give a single, simple definition of ‘game’ means that we must 
have a unitary but inexpressible idea from which all our diverse uses of 
‘game’ are abstracted. It would appear that Kuhn’s view that, in order 
for us to be able to speak of a ‘scientific tradition’, there must be a single 
point of view held in common by all members of that tradition, has its 
source once again in the error of supposing that, unless there is absolute 
identity, there must be absolute difference. Where there is similarity, 
there must be identity, even though it may be hidden; otherwise, there 
would be only complete difference. If there are scientific traditions, they 
must have an identical element—a paradigm—which unifies that tradi- 
tion. And since there are differences of formulation of the various laws, 
theories, rules, etc. making up that tradition, the paradigm which unifies 
them all must be inexpressible. Since what is visible exhibits differences, 
what unites those things must be invisible. 

Again, then, Kuhn has committed the mistake of thinking that there 
are only two alternatives: absolute identity or absolute difference. But 
the data at hand are the similarities and differences; and why should 
these not be enough to enable us to talk about more, and less similar 
views and, for certain purposes, to classify sufficiently similar viewpoints 
together as, e.g., being in the same tradition? After all, disagreements, 
proliferation of competing alternatives, debate over fundamentals, both 
substantive and methodological, are all more or less present throughout 
the development of science; and there are always guiding elements which 
are more or less common, even among what are classified as different 
traditions’. By hardening the notion of a ‘scientific tradition’ into a 
hidden unit, Kuhn is thus forced by a purely conceptual point to ignore 
many imporant differences between scientific activities classified as being 
of the same tradition, as well as important continuities between suc- 
cessive traditions. This is the same type of excess into which Feyerabend 
forced himself through his conception of ‘theory’ and ‘meaning’. Every- 
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thing that is of positive value in the viewpoint of these writers, and much 
that is excluded by the logic of their errors, can be kept if we take account 
of these points. 


(The paper concludes with a case-study of impetus and inertialdynamics.) 


II 
THE ‘CORROBORATION’ OF THEORIES 


HILARY PUTNAM 


SIR Karl Popper is a philosopher whose work has influenced and stimu- 
lated that of virtually every student in the philosophy of science. In part 
this influence is explainable on the basis of the healthy-mindedness of 
some of Sir Karl’s fundamental attitudes: ‘There is no method peculiar 


to philosophy.’ ‘The growth of knowledge can be studied best by study- 
ing the growth of scientific knowledge.’ 


Philosophers should not be specialists. For myself, I am interested in 
science and in philosophy only because I want to learn something about 
the riddle of the world in which we live, and the riddle of man’s know- 
ledge of that world. And I believe that only a revival of interest in these 
riddles can save the sciences and philosophy from an obscurantist faith 
in the expert’s special skill and in his personal knowledge and authority. 


These attitudes are perhaps a little narrow (can the growth of knowledge 
be studied without also studying nonscientific knowledge? Are the pro- 
blems Popper mentioned of merely theoretical interest—just ‘riddles’?), 
but much less narrow than those of many philosophers; and the ‘obscut- 
antist faith’ Popper warns against is a real danger. In part this influence 
stems from Popper’s realism, his refusal to accept the peculiar meaning 
theories of the positivists, and his separation of the problems of scientific 
methodology from the various problems about the ‘interpretation of 
scientific theories’ which are internal to the meaning theories of the 
positivists and which positivistic philosophers of science have continued 
to wrangle about (I have discussed positivistic meaning theory in [38]i, 
ch. 14 and ii, ch. 5). 

In this paper I want to examine his views about scientific methodology 
—about what is generally called ‘induction’, although Popper rejects the 
concept—and, in particular, to criticize assumptions that Popper has in 
common with received philosophy of science, rather than assumptions 
that are peculiar to Popper. For I think that there are a number of such 

m Thilosophy of Karl Popper, edited by Paul A. Schilpp, Vol. I, pp. 221- 
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common assumptions and that they represent a mistaken way of looking 
at science. 


1. POPPER’S VIEW OF ‘INDUCTION’ 


Popper himself uses the term ‘induction’ to refer to any method for veri- 
fying or showing to be true (or even probable) general laws on the basis 
of observational or experimental data (what he calls ‘basic statements’). 
His views are radically Humean: no such method exists or can exist. A 
principle of induction would have to be either synthetic a priori (a possi- 
bility that Popper rejects) or justified by a higher level principle. But the 
latter course necessarily leads to an infinite regress. 

What is novel is that Popper concludes neither that empirical science 
is impossible nor that empirical science rests upon principles that are 
themselves incapable of justification. Rather, his position is that empiri- 
cal science does not really rely upon a principle of induction! 

Popper does not deny that scientists state general laws, nor that they 
test these general laws against observation data. What he says is that when 
a scientist ‘corroborates’ a general law, that scientist does not thereby 
assert that law to be true or even probable. ‘I have corroborated this law 
to a high degree’ only means ‘I have subjected this law to severe tests 
and it has withstood them.’ Scientific laws are falsifiable not verifiable. 
Since scientists are not even trying to verify laws, but only to falsify 
them, Hume’s problem does not arise for empirical scientists. 


2. A BRIEF CRITICISM OF POPPER’S VIEW 


It is a remarkable fact about Popper’s book, The Logic of Scientific 
Discovery, that it contains but a half-dozen brief references to the appli- 
cation of scientific theories and laws; and then all that is said is that 
application is yet another rest of the laws. ‘My view is that . . . the theorist 
is interested in explanations as such, that is to say, in testable explanatory 
theories: applications and predictions interest him only for theoretical 
Teasons—because they may be used as tests of theories’ [40, p. 59]. 

When a scientist accepts a law, he is recommending to other men that 
they rely on it—rely on it, often, in practical contexts. Only by wrenching 
Science altogether out of the context in which it really arises—the con- 
text of men trying to change and control the world—can Popper even 
Put forward his peculiar view on induction. Ideas are not just ideas; they 
are guides to action. Our notions of ‘knowledge’, ‘probability’, ‘certainty’, 
etc., are all linked to and frequently used in contexts in which action is 
at issue: may I confidently rely upon a certain idea? Shall I rely upon it 
tentatively, with a certain caution? Is it necessary to check on it? 

If ‘this law is highly corroborated’, ‘this law is scientifically accepted’, 


O 
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and like locutions merely meant ‘this law has withstood severe tests’— 
and there were no suggestion at all that a law which has withstood severe 
tests is likely to withstand further tests, such as the tests involved in an 
application or attempted application, then Popper would be right; but 
then science would be a wholly unimportant activity. It would be prac- 
tically unimportant, because scientists would never tell us that any law 
or theory is safe to rely upon for practical purposes; and it would be 
unimportant for the purpose of understanding, since in Popper’s view, 
scientists never tell us that any law or theory is true or even probable. 
Knowing that certain ‘conjectures’ (according to Popper all scientific 
laws are ‘provisional conjectures’) have not yet been refuted is not under- 
standing anything. 

Since the application of scientific laws does involve the anticipation 
of future successes, Popper is not right in maintaining that induction is 
unnecessary. Even if scientists do not inductively anticipate the future 
(and, of course, they do), men who apply scientific laws and theories 
do so. And ‘don’t make inductions’ is hardly reasonable advice to give 
these men. 

The advice to regard all knowledge as ‘provisional conjectures’ is also 
not reasonable. Consider men striking against sweatshop conditions. 
Should they say ‘it is only a provisional conjecture that the boss is a 
bastard. Let us call off our strike and try appealing to his better nature’. 
The distinction between knowledge and conjecture does real work in our 
lives; Popper can maintain his extreme skepticism only because of his 
extreme tendency to regard theory as an end for itself. 


3. POPPER’S VIEW OF CORROBORATION 


Although scientists, on Popper’s view, do not make inductions, they do 
‘corroborate’ scientific theories. And although the statement that a 
theory is highly corroborated does not mean, according to Popper, that 
the theory may be accepted as true, or even as approximately true,’ or 
even as probably approximately true, still, there is no doubt that most 
readers of Popper read his account of corroboration as an account of 
something like the verification of theories, in spite of his protests. In this 
sense, Popper has, contre lui, a theory of induction. And it is this theory, 
of certain presuppositions of this theory, that I shall criticize in the body 
of this paper. 
Popper’s reaction to this way of reading him is as follows: 
My reaction to this tepl; 
explain my main point 
the elimination advoca 
1 For a dis 


y would be regret at my continued failure to 
with sufficient clarity. For the sole purpose of 
ted by all these inductivists was to establish as 
cussion of ‘approximate truth’, see [36], 
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firmly as possible the surviving theory which, they thought, must be the 
true one (or, perhaps, only a highly probable one, in so far as we may 
not have fully succeeded in eliminating every theory except the true one). 

As against this, I do not think that we can ever seriously reduce by 
elimination, the number of the competing theories, since this number 
remains always infinite. What we do—or should do—is to hold on, for 
the time being, to the most improbable of the surviving theories or, more 
precisely, to the one that can be most severely tested. We tentatively 
‘accept’ this theory—but only in the sense that we select it as worthy to 
be subjected to further criticism, and to the severest tests we can design. 

On the positive side, we may be entitled to add that the surviving 
theory is the best theory—and the best tested theory—of which we know, 
[40, p. 419]. 

If we leave out the last sentence, we have the doctrine we have been 
criticizing in pure form: when a scientist ‘accepts’ a theory, he does sat 
assert that it is probable. In fact, he ‘selects’ it as most improbable! In 
the last sentence, however, am I mistaken, or do I detect an inductivist 
quaver? What does ‘best theory’ mean? Surely Popper cannot mean 
‘most likely’? f 

4. THE SCIENTIFIC METHOD-THE RECEIVED SCHEMA 
Standard ‘inductivist’ accounts of the confirmation? of scientific theories 
go somewhat like this: theory implies prediction (basic sentence, Or gher 
vation sentence); if prediction is false, theory is falsified; P y 
many predictions are true, theory is confirmed. For all his attac Fa 
inductivism, Popper’s scheme is not so different: theory ean a 
tion (basic sentence); if prediction is false, theory is falsi on if si 7 
ficiently many predictions are true, and certain further conditions a 
fulfill is highly corroborated. : 

ein I of Popper does have certain ei a 
does say that the ‘surviving theory’ isaccepted—his accountis, oan = 
an account of the logic of accepting theories. We must separa ae 
questions: is Popper right about what the scientist ee sant 
mean—when he speaks of a theory as ‘accepted’; and is spp eo 
the methodology involved in according a theory that status? 7 
urging is that his account of that Satake id bs received schema, 
even if his i ion of the status is very di 7 

aae oes Soe important conditions that Popper adds. pre 
dictions that one could have made on the basis of background ieee lge 
do not test a theory; it is only predictions that are improbab e Te ative 

2 ‘Confirmation’ is the term in standard use for the support a positive experi- 


i i is; Popper uses the term ‘corro- 
mental result gives to a hypothesis; S e c 
baan eT os wake, becuse he objects to the Co noT ee snowing to 
be true’ (or at least probable) which he sees as attaching to the former 2 
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to background knowledge that test a theory. And a theory is not cor- 
roborated, according to Popper, unless we make sincere attempts to 
derive false predictions from it. Popper regards these further conditions 
as anti-Bayesian;> but this seems to me to be a confusion, at least in part. 
A theory which implies an improbable prediction is improbable, that is 
true, but it may be the most probable of all theories which imply that 
prediction. If so, and the prediction turns out true, then Bayes’s theorem 
itself explains why the theory receives a high probability. Popper says 
that we select the most improbable of the surviving theories—i.e. the 
accepted theory is most improbable even after the prediction has turned 
out true; but, of course, this depends on using ‘probable’ in a way no 
other philosopher of science would accept. And a Bayesian is not com- 
mitted to the view that any true prediction significantly confirms a 
theory. I share Popper’s view that quantitative measures of the probability 
of theories are not a hopeful venture in the philosophy of science (cf. 
[38]i, ch. 18); but that does not mean that Bayes’s theorem does not have 
a certain qualitative rightness, at least in many situations. 

Be all this as it may, the heart of Popper’s schema is the theory- 
prediction link. It is because theories imply basic sentences in the sense 
of ‘imply’ associated with deductive logic—because basic sentences are 
DEDUCIBLE from theories—that, according to Popper, theories and 
general laws can be falsifiable by basic sentences. And this same link is 
the heart of the ‘inductivist’ schema. Both schemes say: look at the 
predictions that a theory implies; see if those predictions are true. 

My criticism is going to be a criticism of this link, of this one point 
on which Popper and the ‘inductivists? agree. I claim: in a great many 
important cases, scientific theories do not imply predictions at all. In the 


temainder of this paper I want to elaborate this point, and show its 
significance for the philsophy of science. 


5. THE THEORY OF UNIVERSAL GRAVITATION 


The theory that I will use to illustrate my points is one that the reader 
will be familiar with: it is Newton’s theory of universal gravitation. The 
theory consists of the law that every body a exerts on every other body b 


is on 
ians’. 
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a force Fz, whose direction is towards a and whose magnitude is a univer- 
sal constant G times M,M,/d”, together with Newton’s three laws. The 
choices of this particular theory is not essential to my case: Maxwell’s 
theory, or Mendel’s, or Darwin’s would have done just as well. But this 
one has the advantage of familiarity. 

Note that this theory does not imply a single basic sentence! Indeed, 
any motions whatsoever are compatible with this theory, since the theory 
says nothing about what forces other than gravitation may be present. 
The force Fz, are not themselves directly measurable; consequently not 
a single prediction can be deduced from the theory. 

What do we do, then, when we apply this theory to an astronomical 
situation? Typically we make certain simplifying assumptions. For 
example, if we are deducing the orbit of the earth we might assume as a 


first approximation: 


(I) No bodies exist except the sun and the earth. 

(II) The sun and the earth exist in a hard vacuum. 

(III) The sun and the earth are subject to no forces except mutually 
induced gravitational forces. 


From the conjunction of the theory of universal gravitation (UG) and 
these auxiliary statements (AS) we can, indeed, deduce certain predic- 
tions—e.g. Kepler’s laws. By making (1), (1D), (IID) more ‘realistic’—i.e. 
incorporating further bodies in our model solar system—we can obtain 
better predictions. But it is important to note that these predictions do 
not come from the theory alone, but from the conjunction of the theory 
with AS. As scientists actually use the term ‘theory’, the statements AS 
are hardly part of the ‘theory’ of gravitation. 


6. IS THE POINT TERMINOLOGICAL? 


I am not interested in making a merely terminological point, however. 
The point is not just that scientists don’t use the term ‘theory’ to refer 
to the conjunction of UG with AS, but that such a usage would obscure 
profound methodological issues. A theory, as the term is actually used, 
is a set of Jaws. Laws are statements that we hope to be true; they are 
Supposed to be true by the nature of things, and not just by accident. 
None of the statements (1), (ID), (IID) has this character. We do not really 
believe that no bodies except the sun and the earth exist, for example, 
but only that all other bodies exert forces small enough to be neglected. 
This statement is not supposed to be a law of nature: it is a statement 
about the ‘boundary conditions’ which obtain as a matter of fact ina 
Particular system. To blur the difference between AS and UGis to blur the 
difference between Jaws and accidental statements, between statements 
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the scientist wishes to establish as true (the laws), and statements he 
already knows to be false (the oversimplications (1), (II), (iI). 


7. URANUS, MERCURY, ‘DARK COMPANIONS’ 


Although the statements AS could be more carefully worded to avoid 
the objection that they are known to be false, it is striking that they are 
not in practice. In fact, they are not ‘worded’ at all. Newton’s calculation 
of Kepler’s laws makes the assumptions (I), (II), (III) without more than 
a casual indication that this is what is done. One of the most striking 
indications of the difference between a theory (such as UG) and a set of 
AS is the great care which scientists use in stating the theory, as con- 
trasted with the careless way in which they introduce the various assump- 
tions which make up AS. 

The AS are also far more subject to revision than the theory. For over 
two hundred years the law of universal gravitation was accepted as un- 
questionably true, and used asa premise in countless scientific arguments. 
If the standard kind of AS had not led to successful prediction in that 
period, they would have been modified, not the theory. In fact, we have 
an example of this. When the predictions about the orbit of Uranus that 
were made on the basis of the theory of universal gravitation and the 
assumption that the known planets were all there were turned out to 
be wrong, Leverrier in Fr. 


predicted that there must be another planet. In fact, this planet was dis- 


cessful, still others might have been tried—e.g. posulating a medium 
through which the planets are moving, instead of a hard vacuum, or 
postulating significant nongravitational forces. 


It may be argued that it was crucial that the new planet should itself 
be observable. But this is not so. Certain stars, 
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The fact that any one of the statements AS may be false—indeed, they 
are false, as stated, and even more careful and guarded statements might 
well be false—is important. We do not know for sure all the bodiesin the 
solar system; we do not know for sure that the medium through which 
they move is (to a sufficiently high degree of approximation in all cases) 
a hard vacuum; we do not know that nongravitational forces can be 
neglected in all cases. Given the overwhelming success of the Law of 
Universal Gravitation in almost all cases, one or two anomalies are not 
reason to reject it. It is more likely that the AS are false than that the 
theory is false, at least when no alternative theory has seriously been put 
forward. 


8. THE EFFECT ON POPPER’S DOCTRINE 


The effect of this fact on Popper’s doctrine is immediate. The Law of 
Universal Gravitation is not strongly falsifiable at all; yet it is surely a 
paradigm of a scientific theory. Scientists for over two hundred years 
did not falsify UG; they derived predictions from UG in order to ex- 
plain various astronomical facts. If a fact proved recalcitrant to this sort 
of explanation it was put aside as an anomaly (the case of Mercury). 
Popper’s doctrine gives a correct account of neither the nature of the 
Scientific theory nor of the practice of the scientific community in 
this case. 

Popper might reply that he is not describing what scientists do, but 
what they should do. Should scientists then not have put forward UG? 
Was Newton a bad scientist? Scientists did not try to falsify UG because 
they could not try to falsify it; laboratory tests were excluded by the 
technology of the time and the weakness of the gravitational interactions. 


Scientists were thus limited to astronomical data for a long time. And, 


even in the astronomical cases, the problem arises that one cannot be 
absolutely sure that no nongravitational force is relevant in a given situ- 


ation (or that one has summed all the gravitational forces). It is for this 
port UG, but they can hardly 


reason that astronomical data can sup; 
falsify it. It would have been incorrec 
deviancy of the orbit of Mercury; given that UG predicted the other 
Orbits, to the limits of measurement error, the possibility could not be 
excluded that the deviancy in this one case was due to an unknown force, 
gravitational or nongravitational, and in putting the case aside as one 
they could neither explain nor attach systematic significance to, scien- 
tists were acting as they ‘should’.* 

So far we have said that (1) theories do not imply predictions; it is 
only the conjunction of a theory with certain ‘auxiliary statements’ 


4 Popper’s reply to this sort of criticism is 


t to reject UG because of the 


discussed in [41, p. 1144]. 
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(AS) that, in general, implies a prediction. (2) The AS are frequently 
suppositions about boundary conditions (including initial conditions as a 
special case of ‘boundary conditions’), and highly risky suppositions at 
that. (3) Since we are very unsure of the AS, we cannot regard a false 
prediction as definitively falsifying a theory; theories are not strongly 
falsifiable. 

All this is not to deny that scientists do sometimes derive predictions 


from theories and AS in order to test the theories. If Newton had not 
been able to derive Kepler’s laws 


» in principle, have been fi i 
guarded way, and would not h i a E 
iew: scientific 


t might preserve a 
» without real relation to 


k each other which are more 
gravitational forces on each other’. Similar aner than the pla 


hanges in th 
turn them into true statements — thaw eaneesin the other AS could presumably 
that no scientist, to my knowled ough it is not methodologically unimportant 
in the AS would tender them fie fapeothered to calculate 


s exact] 
while Preserving their usefulness ear 
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theories and AS, whether for the purpose of confirmation or for the 
purpose of falsification. 


9. KUHN’S VIEW OF SCIENCE 


Recently a number of philosophers have begun to put forward a rather 
new view of scientific activity. I believe that I anticipated this view 
about ten years ago when I urged that some scientific theories cannot 
be overthrown by experiments and observationsalone, but only by alter- 
native theories. The view is also anticipated by Hanson [18], but it 
reaches its sharpest expression in the writings of Thomas Kuhn [1] , and 
Louis Althusser in his books For Marx and Reading Capital. I believe 
that both of these philosophers commit errors; but I also believe that 
the tendency they represent (and that I also represent, for that matter) 
is a needed corrective to the deductivism we have been examining. 
In this section, I shall present some of Kuhn’s views, and then try to 
advance on them in the direction of a sharper formulation. 

The heart of Kuhn’s account is the notion of a paradigm. Kuhn has 
been legitimately criticized for some inconsistencies and unclarities in 
the use of this notion; but at least one of his explanations of the notion 
seems to me to be quite clear and suitable for his purposes. On this 
explanation, a paradigm is simply a scientific theory together with an 
example of a successful and striking application. It is important that the 
application—say, a successful explanation of some fact, ora successful 
and novel prediction—be striking; what this means 1s that the success is 
sufficiently impressive that scientists—especially young scientists choos- 
ing a career—are led to try to emulate that success by seeking further 
explanations, predictions, or whatever on wa ES cot ee i 
o e had the e 

nce UG had been put forward and on the example of the derivation 


derivation of Kepler’s laws together with y 
of, say, a planetary orbit or two, then one had a paradigm. The most 


important paradigms are the ones that generate scientific fields; the Saa 
generated by the Newtonian paradigm was, in the first instance, the 
entire field of Celestial Mechanics. (Of course, this field was only a part 
of the larger field of Newtonian mechanics, and the paradigm on which 
Celestial Mechanics is based is only one ofa ET of paradigms which 
collecti wtonian mechanics. 

See anny a the paradigm that structures a field is highly 
immune to falsification—in particular, it can only be overthrown bya 
New paradigm. In one sense, this is an exaggeration: Newtonian physics 
Would probably have been abandoned, even in the absence of a new 


Paradigm, if the world had started to act ina markedly non-Newtonian 


way. (Although even then—would we have concluded that Newtonian 
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physics was false, or just that we didn’t know what the devil was going 
on?) But then even the old Successes, the successes which were para- 
digmatic for Newtonian physics, would have ceased to be available. What 


around that Paradigm, we get an interval of what Kuhn calls ‘normal 


» in my opinion): data, in the usual 
Sense, cannot establish the iori 
because data themselves a 
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10. SCHEMATA FOR SCIENTIFIC PROBLEMS 
Consider the following two schemata: 
Schema I 


Theory 
Auxiliary Statements 


Prediction—True or false? 


Schema II 


Theory 
22? 


Fact to be explained 


These are both schemata for scientific problems. In the first type of 
problem we have a theory, we have some AS, we have derived a predic- 
tion, and our problem is to see if the prediction is true or false: the 
situation emphasized by standard philosophy of science. The second 
type of problem is quite different. In this type of problem we have a 
theory, we have a fact to be explained, but the AS are missing: the 
Problem is to find AS if we can, which are true, or approximately true 
(i.e. useful oversimplifications of the truth), and which have to be con- 
joined to the theory to get an explanation of the fact. | 

We might, in passing, mention also a third schema which is neglected 
by standard philosophy of science: 

Schema III 


Theory 

Auxiliary Statements 
Cc acd Bie eS, 
272 


This represents the type of problem in which we have a theory, we 


have some AS, and we want to know what consequences we can derive. 
This type of problem is neglected because the problem is ‘purely math- 
ematical’, But knowing whether a set of statements has testable con- 
Sequences at all depends upon the solution to this type of problem, and 
the problem is frequently of great difficulty—e.g. little is known to this 
day concerning just what the physical consequences of Einstein’s ‘unified 
field theory’ are, precisely because the mathetmatical problem of deriving 
those consequences is too difficult. Philosophers of science frequently 
Write as if it is clear, given a set of statements, just what consequences 


those statements do and do not have. 
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Let us, however, return to Schema II. Given the known facts con- 
cerning the orbit of Uranus, and given the known facts (prior to 1846) 
concerning what bodies make up the solar system, and the standard AS 
that those bodies are moving in a hard vacuum, subject only to mutual 
gravitational forces, etc., it was clear that there was a problem: the orbit 
of Uranus could not be successfully calculated if we assumed that 
Mercury, Venus, Earth, Mars, Saturn, Jupiter, and Uranus were all the 
planets there are, and that these planets together with the sun make up 
the whole solar system. Let S, be the conjunction of the various AS we 
just mentioned, including the statement that the solar system consists 


of at least, but not necessarily of only, the bodies mentioned. Then we 
have the following problem: 


Theory: UG 
AS: S, 
Further AS: 272 


a 
Explanandum: The orbit of Uranus 


no nongravitational forces are acting on 
still an infinite number of solutions. But 
mption, namely: 


One planet in the solar system in addition 


, there are 
rst the simplest assu. 
(S2) There is one and only 
to the planets mentioned in §,, 


Now one considers the following Problem: 


one tries fi 


Theory: UG 
AS: S,,S, 


Consequence ???—turns out to be that the unknown 
planet must have a certain orbit O, 
This problem is a mathematical problem— 


both solved (an instance of Schema m). N oe rand Adams 
empirical problem: 
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Theory: UG 

AS: S1, S2 

Prediction: a planet exists moving in orbit O—True or 
False? 


—this problem is an instance of Schema I—an instance one would not 
normally consider, because one of the AS, namely the statement 52, is 
not at all known to be true. S3 is, in fact, functioning as a low-level 
hypothesis which we wish to test. But the test is not an inductive one 
in the usual sense, because a verification of the prediction is also a verifi- 
cation of S,—or rather, of the approximate truth of S, (which is all that 
is of interest in this context)—Neptune was not the only planet unknown 
in 1846; there was also Pluto to be later discovered. The fact is that we 
are interested in the above problem in 1846, because we know that if the 
Prediction turns out to be true, then that prediction is precisely the 
statement S; that we need for the following deduction; 


Theory: UG 
AS: S1, S2, S3 


Explanandum: the orbit of Uranus 


—i.e. the statement S; (that the planet mentioned in Sz has precisely the 
orbit O)” is the solution to the problem with which we started. In this 
Case we started with a problem of the Schema II-type: we introduced the 
assumption S, as a simplifying assumption in the hope of solving the 
original problem thereby more easily; and we had the good luck to be 
able to deduce S4—the solution to the original problem—from UG to- 
gether with S}, Sa, and the more important good luck that 53 turned 
out to be true when the Berlin Observatory looked. Problems of the 
Schema Il-type are sometimes mentioned by philosophers of science 
when the missing AS are laws; but the case just examined, in which the 
Missing AS was just a further contingent fact about the particular system 
is almost never discussed. I want to suggest that Schema II exhibits the 
logical form of what Kuhn calls a ‘puzzle’. A a 

If we examine Schema II, we can see why the term puzzle is so 
appropriate. When one has a problem of this sort one is looking for 
Something to fill a ‘hole’—often a thing of rather under-specified sort— 
and that is a sort of puzzle. Moroever, this sort of problem is extremely 
Widespread in science. Suppose one wants to explain the fact that water 
is a liquid (under the standard conditions), and one is given the laws of 
Physics: the fact is that the problem is extemely hard. In fact, quantum 

7 Luse ‘orbit’ in the sense of space-time trajectory, not just spatial path. 
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mechanical laws are needed. But that does not mean that from classical 
physics one can deduce that water is not a liquid; rather the classical 
physicist would give up this problem at a certain point as ‘too hard’— 
i.e. he would conclude that he could not find the right AS. 

The fact that Schema II is the logical form of the ‘puzzles’ of normal 
science explains a number of facts. When one is tackling a Schema II-type 
problem there is no question of deriving a prediction from UG plus given 
AS, the whole problem is to find the AS. The theory—UG, or whichever 


nd an AS, Theories, during their 
tenure of office, are highly immune to falsification; that tenure of office 
ne of a better theory (or a whole 
basic sentence. And successes do 
€come paradigmatic, because the 
f confirmation, but the basis of a 
chnique, and Possibly of a tech- 


To sum up: I have Suggested that 


both ‘Popperian’ and non-Popperian, has fixated on the situation in which 
we derive Predictions fro; 


new explanatory technique), not by a 
not ‘confirm’ a theory, once it has b 


paradigm would be a gross error 
fact is that normal science exhj 
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forward. The desire to solve a Schema II-type problem—explain the orbit 
of Uranus—led to a new hypothesis (albeit a very low-level one): namely, 
S2. Testing S, involved deriving S3 from it, and testing S;—a Schema I- 
type situation. S; in turn served as the solution to the original problem. 
This illustrates the two tendencies, and also the way in which they are 
interdependent and the way in which their interaction drives science 
forward. 

The tendency represented by Schema I is the critical tendency. 
Popper is right to emphasize the importance of this tendency, and doing 
this is certainly a contribution on his part—one that has influenced many 
Philosophers. Scientists do want to know if their ideas are wrong, and 
they try to find out if their ideas are wrong by deriving predictions from 
them, and testing those predictions—that is, they do this when they can. 
The tendency represented by Schema II is the explanatory tendency. 
The element of conflict arises because in a Schema I-type situation one 
tends to regard the given theory as something known, whereas in a 
Schema-I type situation one tends to regard it as problematic. The inter- 
dependence is obvious: the theory which serves as the major premise in 
Schema II may itself have been the survivor ofa Popperian test (although 
it need not have been—UG was accepted on the basis of its explanatory 
successes, not on the basis of its surviving attempted falsifications). And 
the solution to a Schema I-type problem must itself be confirmed, 
frequently by a Schema I-type test. If the solution is a general law, rather 
than a singular statement, that law may itself become a paradigm, lead- 
ing to new Schema II-type problems. In short, attempted falsifications 
do ‘corroborate’ theories—not just in Popper’s sense, in which this is a 
tautology, but in the sense he denies, of showing that they are true, or 
Partly true—and explanations on the basis of laws which are regarded as 
known frequently require the introduction of hypotheses. In this way, 
the tension between the attitudes of explanation and criticism drives 


Science to progress. 
11. KUHN VERSUS POPPER 


As might be expected, there are substantial differences between Kuhn 
and Popper on the issue of the falsifiability of scientific theories. Kuhn 
Stresses the way in which a scientific theory may be immune from falsifi- 
Cation, whereas Popper stresses falsifiability as the sine qua non of a 
Scientific theory. Popper’s answers to Kuhn depend upon two notions 
Which must now be examined: the notion of an auxiliary hypothesis and 
the notion of a conventionalist stratagem. R. 

Popper recognizes that the derivation of a prediction from a theory 
may require the use of auxiliary hypotheses (though the term ‘hypothesis 
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is perhaps misleading, in suggesting something like putative laws, rather 
than assumptions about, say, boundary conditions). But he regards these 
as part of the total ‘system’ under test. A ‘conventionalist stratagem’ is 
to save a theory from a contrary experimental result by making an ad 
hoc change in the auxiliary hypotheses. And Popper takes it as a funda- 
mental methodological rule of the empirical method to avoid convention- 
alist stratagems. 

Does this do asa reply to Kuhn’s objections? Does it contravene our 
own objections, in the first part of this paper? It does not. In the first 
place, the ‘auxiliary hypotheses’ AS are not fixed, in the case of UG, but 
depend upon the context. One simply cannot think of UG as part of a 
fixed ‘system’ whose other part is a fixed set of auxiliary hypotheses 
whose function is to render UG ‘highly testable’. 
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zero, on any standard metric. And it certainly is not true that the scientist 
always selects ‘the most improbable of the surviving hypotheses’ on any 
measure of probability, except in the trivial sense that all strictly universal 
laws have probability zero. But my concern here isnot with the technical 
details of Popper’s scheme, but with the leading idea. 

To appraise this idea, let us see how UG came to be accepted. Newton 
first derived Kepler’s Laws from UG and the AS we mentioned at the 
outset: this was not a ‘test’, in Popper’s sense, because Kepler’s Laws 
were already known to be true. Then he showed that UG would account 
for the tides on the basis of the gravitational pull of the moon: this also 
was not a ‘test’, in Popper’s sense, because the tides were already known. 
Then he spent many years showing that small perturbations (which were 
already known) in the orbits of the planets could be accounted for by 
UG. By this time the whole civilized world had accepted—and, indeed, 
acclaimed—UG;; but it had not been ‘corroborated’ at all in Popper’s 
sense! 

If we look for a Popperian 
tion, one risky relative to background 


until the Cavendish experiment of 1781 
the theory had been introduced! The prediction of S3 (the orbit of 


Neptune) from UG and the auxiliary statements Sı and Sz can also be 
regarded as a confirmation of UG (in 1846!); although it is difficult to 
regard it as a severe test of UG in view of the fact that the assumption 


S, had a more tentative status than UG. 
It is easy to see what has gone wrong. 
it has real explanatory successes. Although a theory may legitimately be 
Preserved by changes in the AS which are, in a sense, ‘ad hoc’ (although 
not unreasonable), its successes must not be ad hoc. Popper requires that 
the predictions of a theory must not be antecedently known to be true 
in order to rule out ad hoc ‘successes’; but the condition is too strong. 
Popper is right in thinking that a theory runs a risk during the period 
of its establishment. In the case of UG, the risk was not a risk of definite 
falsification; it was the risk that Newton would not find reasonable AS 
with the aid of which he could obtain real (non-ad hoc) explanatory 
successes for UG. A failure to explain the tides by the gravitational pull 
of the moon alone would not, for example have falsified UG; but the 


success did strongly support UG. 

In sum, a theory is only accep 
ad hoc, explanatory successes. 
unfortunately, it is in even be 


° One might also mention Clairault’s pre 
comet in 1759. 


“test” of UG—a derivation of a new predic- 
knowledge—we do not get one 
9_roughly a hundred years after 


A theory is not accepted unless 


ted if the theory has substantial, non- 
This is in accordance with Popper; 
tter accordance with the ‘inductivist’ 


diction of the perihelion of Halley’s 
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accounts that Popper rejects, since these stress support rather than 
falsification. 


13. ON PRACTICE 


Popper’s mistake here is no small isolated failing. What Popper con- 
sistently fails to see is that practice is primary: ideas are not just an end 
in themselves (although they are Partly an end in themselves), nor is the 
selection of ideas to ‘criticize’ just an end in itself. The primary import- 
ance of ideas is that they guide practice, that they structure whole forms 
of life. Scientific ideas guide practice in science, in technology, and 
sometimes in public and private life. We are concerned in science with 
trying to discover correct ideas: 
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the failure to see the primacy of practice leads Popper to some rather 
reactionary political conclusions. Marxists believe that there are laws of 
society; that these laws can be known; and that men can and should act 
on this knowledge. It is not my intention to argue that this Marxist view 
is correct; but surely any view that rules this out a priori is reactionary. 
Yet this is precisely what Popper does—and in the name of an anti-a 
Priori philosophy of knowledge! 

In general, and in the long run, true ideas are the ones that succeed— 
how do we know this? This statement too is a statement about the world; 
a statement we have come to from experience of the world; and we 
believe in the practice to which this idea corresponds, and in the idea as 
informing that kind of practice, on the basis that we believe in any good 
idea—it has proved successful! In this sense ‘induction is circular’. But 
of course it is! Induction has no deductive justification; induction is not 
deduction. Circular justifications need not be totally self-protecting nor 
need they be totally uninformative.’° the past success of ‘induction’ in- 
creases our confidence in it, and its past failure tempers that confidence. 
The fact that a justification is circular only means that that justification 
has no power to serve as a reason, unless the person to who it is given as 
Teason already has some propensity to accept the conclusion. We do have 
a propensity—an a priori propensity, if you like—to reason inductively’, 
and the past success of “nduction’ increases that propensity. f 

The method of testing ideas in practice and relying on the ones i at 
prove successful (for that is what Snduction’ is) is not unjustified. pt 
is an empirical statement. The method does not have a ‘justification F. 
by a justification is meant a proof from enternal and formal principles 
that justifies reliance on the method. But then, nothing does—not even, 
in my opinion, pure mathematics and formal logic. 


10 This has been emphasized by Professor Max Black in a number of papers. 


IV 


THE RATIONALITY OF SCIENTIFIC 
REVOLUTIONS 


SIR KARL POPPER 


THE title of this series of Spencer lectures, Progress and obstacles to 
progress in the sciences, was chosen by the organizers of the series. 
The title seems to me to imply that progress in science is a good thing, 
and that an obstacle to Progress is a bad thing; a position held by almost 
everybody, until quite recently. Perhaps I should make clear at once 


that I accept this position, although with some slight and fairly obvious 
reservations to which I shall briefly allude 1, 


ater. Of course, obstacles 
which are due to the 


inherent difficulty of the problems tackled are wel- 
come challenges, (Indeed, Many scientists were greatly disappointed 
when it turned out that the problem of tapping nuclear energy was 

ial, involving no new revoluti 


ion that scientific advance is only amixed blessing.’ Let 


eedingly rare exceptions. 

- The first part (sections I-VIII) 
is devoted to pr in sci ‘ond part (sections IX-XIV) 
to some of the 


1 See, in the Present series of Herbert S; 
of the contribution by Professor W, F. B timer ch 
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point of view of the theory of natural selection. Only the end of the first 
part (that is, section VIII), will be spent in discussing the progress of 
science from a logical point of view, and in proposing two rational criteria 
of progress in science, which will be needed in the second part of my talk. 

In the second part I shall discuss a few obstacles to progress in science, 
more especially ideological obstacles; and I shall end (sections XI-XIV) 
by discussing the distinction between, on the one hand, scientific revol- 
utions which are subject to rational criteria of progress and, on the other 
hand, ideological revolutions which are only rarely rationally defensible. 
It appeared to me that this distinction was sufficiently interesting to call 
my lecture ‘The rationality of scientific revolutions’. The emphasis here 
must be, of course, on the word ‘scientific’. 


I 


I now turn to progress in science. I will be looking at progress in science 
from a biological or evolutionary point of view. I am far from suggesting 
that this is the most important point of view for examining progress in 
science. But the biological approach offers a convenient way of intro- 
ducing the two leading ideas of the first half of my talk. They are the 
ideas of instruction and of selection. 

n From a biological or evolutionary point of view, science, or progress 
in science, may be regarded as a means used by the human species to 
adapt itself to the environment: to invade new environmental niches, and 
even to invent new environmental niches.? This leads to the following 


problem. 

We can distinguish between three le i adap 
tation; adaptive behavioural learning; and scientific discovery, which is 
a special case of adaptive behavioural learning. My main problem in this 
part of my talk will be to enquire into the similarities and dissimilarities 
between the strategies of progress OT adaptation on the scientific level 
and on those two other levels: the genetic level and the behavioural level. 
And I will compare the three levels of adaptation by investigating the 


tole played on each level by instruction and by selection. 


vels of adaptation: genetic adap- 


? The formation of membrane proteins, of the first viruses, and of cells, may 
‘Perhaps hace tae among the earliest inventions (in contradistinétion te invasions) 
of new environmental niches. Other environmental niches (such as a coat of en- 
zymes invented by otherwise naked genes) may have been invented even malis, 
i ome people (Hegelians, Marxists) like to talk—or S to campano yo 

ey call ‘ali ion’ every significant invention, such as a Coa o 
a ‘alienation No rae Fi ‘from our environment, and trom ous 
ssenti G inventions, such as cigars, add little to our genera 
tial nature’. (Some of these invi s erati Nis Of 
d to do without it may mean the return to the 
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II 


In order not to lead you blindfolded to the result of this comparison I 
will anticipate at once my main thesis. It is a thesis asserting the funda- 
mental similarity of the three levels, as follows. 

On all three levels—genetic adaptation, adaptive behaviour, and scien- 
tific discovery—the mechanism of adaptation is fundamentally the same. 

This can be explained in some detail. 

Adaptation starts from an inherited structure which is basic for all 
three levels: the gene structure of the organism. To it corresponds, on 
the behavioural level, the innate repertoire of the types of behaviour 
which are available to the organism; and on the scientific level, the domi- 
nant scientific conjectures or theories. These structures are always trans- 
mitted by instruction, on all three levels: by the replication of the coded 
genetic instruction on the genetic and the behavioural levels; and by 
n on the behavioural and the scientific levels. 
truction comes from within the structure. If 


which also arise from within the structure 
from the environment. 


These inherited st 
challenges, or proble 


e new and revolutionary tentative theories. On all 
trials W tentative trial instructions; or, briefly, tentative 


revity” « er wii 
urse always tacitly T mutation’; the possibility 
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The next stage is that of selection from the available mutations and 
variations: those of the new tentative trials which are badly adapted are 
eliminated. This is the stage of the elimination of error. Only the more 
or less well adapted trial instructions survive and are inherited in their 
turn. Thus we may speak of adaptation by ‘the method of trial and error’ 
or better, by ‘the method of trial and the elimination of error’. The 
elimination of error, or of badly adapted trial instructions, is also called 
‘natural selection’: it is a kind of ‘negative feedback’. It operates on all 
three levels. 

It is to be noted that in general no equilibrium state of adaptation is 
teached by any one application of the method of trial and the elimination 
of error, or by natural selection. First, because no perfect or optimal trial 
Solutions to the problem are likely to be offered; secondly—and this is 
More important—because the emergence of new structures, or of new 
instructions, involves a change in the environmental situation. New 
elements of the environment may become relevant; and in consequence, 
new pressures, new challenges, new problems may arise, as a result of 
the structural changes which have arisen from within the organism. 

On the genetic level the change may be a mutation of a gene, witha 
consequent change of an enzyme. Now the network of enzymes forms, 
the more intimate environment of the gene structure. Accordingly, there 
will be a change in this intimate environment; and with it, new relation- 
Ships between the organism and the more remote environment may arise; 


and further, new selection pressures. 
The same happens on the behaviour 

New kind of behaviour can be equated in 

of a new ecological niche. As a consequence, 


arise, and new genetic changes. P ; 
On the scientific level, the tentative adoption of a new conjecture or 


theory may solve one or two problems, but it invariably opens up many 
new problems; for a new revolutionary theory functions exactly like a 
new and powerful sense organ. If the progress is significant then the 
New problems will differ from the old problems: the new problems will 
be ona radically different level of depth. This happened, for example, 
in relativity; it happened in quantum mechanics; and it happens right 
Now, most dramatically, in molecular biology. In each of these cases, 
New horizons of unexpected problems were opened up by the new 
heory, 

This, I suggest, is the way in which sc 1 
gress can best be gauged by comparing our old problems with our new 
Ones. If the progress that has been made is great, then the new problems 
Will be of a character undreamt of before. There will be deeper problems; 


al level; for the adoption of a 
most cases with the adoption 
new selection pressures will 


jence progresses. And our pro- 
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and besides, there will be more of them. The further we progress in know- 
ledge, the more clearly we can discern the vastness of our ignorance." 

I will now sum up my thesis. 

On all the three levels which I am considering, the genetic, the behav- 
ioural, and the scientific levels, we are operating with inherited structures 
which are passed on by instruction; either through the genetic code or 
through tradition. On all the three levels, new structures and new instruc- 
tions arise by trial changes from within the structure: by tentative trials 
which are subject to natural selection or the elimination of error. 


I 


ies in the working of the adaptive mech- 
This raises an obvious problem: what about 


So far I have stressed the similarit 
anism on the three levels, 
the differences? 

The main difference b 
is this. Mutations on the genetic level are 


z not only random but com- 
pletely ‘blind’, in two senses.® First, they a 


re in no way goal-directed. 
mutation cannot influence the further 
ncies of probabilities of their occurrence; 
l of a mutation may sometimes determine 
possibly survive in future cases. On the 


é For the use of ti ‘blind’ j; i 
Cmi Mea RE en blind (especially in the second sense) see D. T. 
ledge Processes, Inquiry 2, 152- 
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animal-especially the i 
actively Spectigatinn ii ee re ae Pa 
7 Tieas which is largely genetically programmed, seems to me 
TE an important difference between the genetic level and the 
avioural level. I may here refer to the experience which the Gestalt 
Peye olot call insight’; an experience that accompanies many behav- 
ae iscoveries. However, it must not be overlooked that even a dis- 
ont accompanied by ‘insight’ may be mistaken: every trial, even one 
aes Py , is of the nature of a conjecture or a hypothesis. KGhler’s 
3 x = l be remembered, sometimes hit with ‘insight’ on what turns 
cain ea mistaken attempt to solve their problem; and even great 
a maticians are sometimes misled by intuition. Thus animals and 
n have to try out their hypotheses; they have to use the method of 


trial and of error elimination. 
On the other hand I agree with Köhler and Thorpe”? that the trials of 


ena animals are in general not completely blind. Only in ex- 
is a cases, when the problem which confronts the animal does not yield 
ann making of hypotheses, will the animal resort to more or less blind 
random attempts in order to get out of a disconcerting situation. 

R. Held and A. Hein, Movement- 


8 A 
ene the importance of active participation, see 
Physi T stimulation in the development of visually guided behaviour J. comp. 
activins Psychol. 56, 872-876 (1963); cf. J.C. Eccles, Facing reality, pp. 6 67. 
ity is, at least partly, one of producing hypotheses: see J. Krechevsky, ‘Hypo- 
mination-learning, 


thesis” « oh i ny BO pein 
sis’ versus ‘chance’ in the pre-solution period in sensory discri n 
nted in Animal problem solving 


Univ. Calif. Publ. Psychol. 6, 27-44 (1932) (repri 
armondsworth (1967). 


(ed. A.J, Riopelle), pp. 183-197, Penguin Books. H 
f the differences between my views and 


, Laccept the fact of Gestalt perception; 


am only dubious about what may be called Gestalt philosophy.) 
i ion, of perception is more closely 


depo coniecture that the unity, or the articulation, 
rain eee oe NOE control systems and t 1 systems of the 
Tepetoi an on afferent systems: that it is closely dependent on the behavioural 
insight (a of the organism. I conjecture that a spider or a mouse v e 
be joi (as had Köhler’s ape) into the possible unity of the two sticks which can 
chee together, because handling sticks of that size does not belong to their 
eJ ioural repertoire. All this may be interpreted as a kind of generalization of 
Pahora ange theory of emotions 1884; see William James, The principles of 
the hooey, Vol. Il, pp. 449 ff. (1890), Macmillan and Co., London), extending 
teh y from our emotions to our perceptions (especially to Gestalt perceptions) 
Us, b thus would not be ‘given’ to us (as in Gestalt theory) but rather ‘made’ by 
Ont, decoding (comparatively ‘given’) clues. The fact that the clues may mislead 
the tical illusions in man; dummy illusions in animals, etc.) can be explained by 
clues gical need to impose our behavioural interpreta 
beha ne conjecture that our decoding 0! s c 
an: oural repertoire may explain part of the gulf that lies between animals and 
n ie ee the evolution of the human language our r 
10 F 
Doidos W. H. Thorpe, Learning and instinct in animals, pp. 99 ff. Methuen, 
Penguin (1956); 1963 edn, pp. 100-147; W. Köhler, The mentality of apes (1925); 
in Books edn, (1957), pp- 166 ff- 
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i i ible, in 
en in these attempts, goal-directedness is usually fee bet 
fas ee to the blind randomness of genetic mutations 
maani i i ioural 
ig ee difference between genetic change Pe poi ee 
i ways establishes a rigid and al 1 
po one Shes i ds sometimes also to a fairly 
i - The latter, admittedly, leads sor ) k 
genetic structure T, ad > eritdi 
igi i hich is dogmatically adhered to; | 
E rinting? d ; but in other cases it leads to a 
of ‘imprinting’ (Konrad Lorenz); ut in s at 
one piten, which allows for differentiation or sag caer far 
example, it may lead to exploratory behaviour, or to what Pavlov cal 
5 >11 
the ‘freedom reflex’. i ; ns 
On the scientific level, discoveries are revolutionary and ceri 
Indeed, a certain creativity must be attributed to all levels, ae ne 
genetic level: new trials, leading to new environments and ue : - P 
selection pressures, create new and revolutionary results on all levels, 


i i ilti jous 
even though there are strong conservative tendencies built into the vari 
mechanisms of instruction 


ais j n 
Genetic adaptation can of course operate only within the time spa 
of a few gener: 


‘ations—at the very least, say, one or two generations. = 
organisms which replicate very quickly this may be a short time Voce 
and there may be simply no room for behavioural adaptation. od 
slowly reproducing organisms are compelled to invent behavioural adap 
tation in order to adjust themselves to quick environmental ae 
They thus need a behavioural repertoire, with types of behaviour O 


greater or less latitude or range. The repertoire, and the latitude of the 
available types of behaviour, can be as: 


ive, for they may in their turn deter- 
mine new selection Pressures and thereby indirect] 
future evolution of the genetic structure! 
11 See I. P, Pavlov, Conditioned reflexes, es 
Press (1927). In view of what 


he calls ‘explor, 
related ‘freedom behaviour’—both 


` obviously genetically based—and of the signifi- 
cance of these for scientific activity, 


A ner (cf. his Beyond freedom 
calls ‘the literature id not arise as 
as he suggests. It arose, rather, with Aeschylus a 
of Marathon and Salamis. 


12 Thus explorator 
the evolution of genetic systems: 
tion of th 


h e can say that once a certain 
been attained—as it has bee: 


a result of negative reinforcement, 
nd Pindar, asa result of the victor 
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= oe b level of scientific discovery two new aspects emerge. The most 
a a = is that scientific theories can be formulated linguistically, 
i a pe can even be published. Thus they become objects outside 
ak : o jects open to investigation. As a consequence, they are now 
a ae criticism. Thus we can get rid of a badly fitting theory before 
— = bet makes us unfit to survive: by criticizing our 
meer ae our theories die in our stead. This is of course im- 
oie aspect is also connected with language. It is one of the 
Sai ke human language that it encourages story telling, and thus 
tellin aig pee Scientific discovery is akin to explanatory story 
a Si z myth making and to poetic imagination. The growth of 
e ion enhances of course the need for some control, such as, in 
eis inter-personal criticism—the friendly hostile co-operation of 
see ists which is partly based on competition and partly on the common 
i = Fae nearer to the truth. This, and the role played by instruction 
ec seems to me to exhaust the main sociological elements 
ae cee y involved in the progress of science; though more could be said 
econ about the social obstacles to progress, OT the social dangers 
in progress. 


IV 


a suggested that progress in scienc 
an struction and selection: on aconserv! 
by bee and on a revolutionary use of tri 
ig bes icism, which includes severe empiric 
to sa to probe into the possible wea 
ute them. 

“en ee the individual scientist ma 
this. wi han to refute it. But from the point 

wish can easily mislead him. Moreover, 1 


Ua classic work of H. S. Jennings, The behaviour of the lower organisms, Columbia 
ecolo rsity Press, New York (1906)—the initiative of the organism in selecting its 
follo gy or habitat takes the lead, and natural selection within the new habitat 
er ws „the lead. In this way, Darwinism can simulate Lamarckism 

‘i bein s ‘creative evolution’. This has been recognize: 2y ay 
ste iant presentation and survey of the history, see Sir Alister Hardy, The living 

m, Collins, London (1965), especially lectures VI, VII, and VIII, where many 
ill be found, from James 

Iso Ernst Mayr, Animal species and evolution, 


e, or scientific discovery, depends 
rvative or traditional or historical 
al and the elimination of error 
al examinations or tests; that 
knesses of theories, attempts 


y wish to establish his theory 
t of view of progress in science, 
fhe does not himself examine 
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his favourite theory critically, others will do so for him. The only results 
which will be regarded by them as supporting the theory will be the 
failures of interesting attempts to refute it; failures to find counter- 
examples where such counter-examples would be most expected, in the 
light of the best of the competing theories. Thus it need not create a 
great obstacle to science if the individual scientist is biased in favour of 
a pet theory. Yet I think that Claude Bernard was very wise when he 


wrote: ‘Those who have an excessive faith in their ideas are not well fitted 
to make discoveries.’!3 


All this is part of the cri 
inductivist approach; or of 


ntend that there is no such thing as instruction from 


inc i i / rests on criticism, on critical discussion, and 
on the critical exami i -15 And we must recognize, 


13 Quoted by Jaques Had: 
matical field, Princeton 
48 Behavioural 
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Vv 


How : 

Tepp A ete ay 
selectionist argum I odt, Thieyidid aot See with Pure Y 
yay ia guments. In fact, they frequently argued on Lamarckian 
while ta this they seem to have been mistaken. Yet it may be worth- 
fl oe possible limits to Darwinism; for we should 
theory. e lookout for possible alternatives to any dominant 
Bhs that two points might be made here. The first is that the 
Ru ce the genetic inheritance of acquired characteristics (such 
which a ions) depends upon the existence of a genetic mechanism in 
thè rem ere is a fairly sharp distinction between the gene structure and 
e maning part of the organism: the soma. But this genetic mech- 
fuel itself be a late product of evolution, and it wasundoubtedly 
ier. cert y various other mechanisms of aless sophisticated kind. More- 
paris Hat a very special kinds of mutilations are inherited; more 
ae ie sl of the gene structure by radiation. Thus if we 
sayithet ti the primeval organism was a naked gene then we can even 
hee ea very non-lethal mutilation to this organism would be inherited. 
plane cannot say is that this fact contributes in any way to an ex- 
iia n of genetic adaptation, or of genetic learning, except indirectly, 

tal selection. 
ie ae point is this. We may consi l 
some ch at, as a somatic response to certain environmental pressures, 
Eten emical mutagen is produced, increasing what is called the spon- 
even ‘i mutation rate. This would be a kind of semi-Lamarckian effect, 
mu one adaptation would still proceed only by the elimination of 
much i ns; that is, by natural selection. Of course, there may not be 
suff n this conjecture, as it seems that the spontaneous mutation rate 
Te for adaptive evolution." 
aie two points are made here merely as a warning against too 
fee an adherence to Darwinism. Of course, I do conjecture that 
inism is right, even on the level of scientific discovery; and that it 
‘It is interesting that Charles Darwin in his later years believed in the occa- 
variation of animals and plants 


Sional ; n 
under inheritance even of mutilations. See his The 
66-470 (1875). 


onsider the very tentative con- 


me particular sequence 


Pecific muta; i i hi si 

gens (actin; selectively, perhaps on 0: ar seq 
Ons rather than on others) are not known, | understand. Yet their existence 
i i i d they might explain muta- 


i f surprises; an 

ms to be a real difficulty in concluding 

us it R absence of known specific mutagens that specific mutagens do not exist. 

Teaction ems to me that the problem suggested in the text (the possibility ofa 
ť mutagens) is still open. 
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is right even beyond this level: that it is right even on the level of artistic 
creation. We do not discover new facts or new effects by copying them, 
or by inferring them inductively from observation; or by any other 
method of instruction by the environment. We use, rather, the method 
of trial and the elimination of error. As Ernst Gombrich says, ‘making 


comes before matching’:"* the active production of a new trial structure 
comes before its exposure to eliminating tests. 


VI 
I suggest therefore that we conceive the Way science progresses somewhat 
on the lines of Niels Jerne’s and Sir Macfarlane Burnet’s theories of anti- 
body formation.!® Earlier theories of antibody formation assumed that 


the antigen works as a negative template for the formation of the anti- 
body. This would mean that there is instructie 


A ion from without, from the 
invading antigen. The fundamental idea of Jerne was that the instruction 


or information which enables the antibody to recognize the antigen is, 
literally, inborn: that it is part of the gene structure, though possibly 
Subject to a repertoire of mutational variations. It is conveyed by the 
‘osomes of the specialized cells which produce 
mune reaction isa result of growth-stimulation 
$ e antibody-antigen complex. Thus these cells 
are selected with the help of the invading environment (that is, with the 

her than instructed. (The analogy with the 
cation—of scientific theories is clearly seen by 


ction refers to Ki sin 
a Ma Kierkegaard, and to Socrate 
With this remark I conclude my di i iologi 
iscussio ects 
of progress in science. 4 anin 


ai Jerne, The natural selection F i 
, The natur theory of anti aa 
oe ae bytes ae the origin of molecular Hoge oe ae al.)s 
roc. natn, Acad. Sci, 41 845 gain Tl select ion theory of antibody formation, 
Merobiok’ east d ‘seo. as 55); munological speculations, A. Re”. 
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To this end w 
e may note fi i 
structure, the coded i H e first the presence, in the cell, of the gene 
TAE nsi ruction, and of various chemical substructures;”° 
which n random Brownian motion. The process of instructi t 
ch the gene replicate d : ctiomiby 
are carried (b plicates proceeds as follows. The various substructures 
ihoss c y Brownian motion) to the gene, in random fashion, and 
whilst =E do not fit fail to attach themselves to the DNA structure: 
Baik se which fit, do attach themselves (with the help of enzymes) 
ao ‘on of trial and selection,” a kind of photographic negative 
tiga on ine of the genetic instruction is formed. Later, this comple- 
it fone rates from the original instruction; and by an analogous process, 
identical again its negative. This negative of the negative becomes an 
The sy of the original positive instruction.”” 
hich i lective process underlying replication is a fast-working mech- 
stances ee essentially the same mechanism that operates in most in- 
crystalliz, go synthesis, and also, especially, in processes like 
Operates —_ Yet although the underlying mechanism is selective, and 
as a part i random trials and by the elimination of error, it functions 
tion. A om what is clearly a process of instruction rather than of selec- 
mata ittedly, owing to the random character of the motions involved, 
ifferent hing processes will be brought about each time in a slightly 
the Wee en In spite of this, the results are precise and conservative; 
$ are essentially determined by the original structure. 
Wi ‘ 
Jacob, atl call ‘structures’ and ‘substructures’ are called integrons’ by Francois 
London (1 978) of living systems: a history of heredity, pP- 299-324. Allen Lane, 
31 Something. mi 
Method Re might be said here about the close connection between ‘the 
error lma and of the elimination of error’ an 
Ose trials son; and what remains—after elimination 
D 22 The ay hich have not been eliminated so far. 
NA m ain difference from a photographic reproduction process is that the 
g string of four kinds of 


substructieee is not two-dimensional but linear: a lon 
Breen; or bie (‘bases’). These may be represented by dots coloured either red or 
ment lours are pairwise negatives (or comple- 
4 string in omplement of a string would consist of 
h ‘olour. nd blue by yellow; and vice versa. Here 
lours represent the four letters (bases) which constitute the alphabet of the 
i ing containsa kind of transla- 
yet closely related code; and the 
formation, stated in terms 


20 


d ‘selection’: all selection is 
Zas ‘selected’ are merely 


€Bative o 


© original ( 
is si the genetic) code. 
when first one pair of complementary 


al st 

SD) Pain by way of instruction. 

thig ction wae main functions of the 

prin Second the synthesis of proteins. Thoug! 
INcipie, __ Process is more complicated than that 0 
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If we now look for similar processes on a cosmic scale, a pee 
picture of the world emerges which opens up many problems. It is 
dualistic world: a world of structures in chaotically distributed Hae 
The small structures (such as the so-called elementary particles) bu 
up larger structures; and this is brought about mainly by chaotic or ran- 
dom motion of the small structures, under special conditions of pressure 
and temperature. The larger structures may be atoms, molecules, crystals, 
galaxies, and galactic clusters. Many of these structures appear to have a 
seeding effect, like drops of water in a cloud, or crystals in a solution; 
that is to say, they can grow and multiply by instruction; and they may 
persist, or disappear by selection. Some of them, such as the aperiodic 
DNA crystals”? which constitute the gene structure of organisms and, 
with it, their building instructions, are almost infinitely rare and, we 
may perhaps say, very precious, 


find this dualism fascinating: I mean the strange dualistic picture of 


I 
a physical world consisting of comparatively stable structures—or rather 
structural processes—on all micro and macro levels; and of substructures 
on all levels, in apparently chaoticall 
a random motion th 


» the well-known dualistic picture of the world as 
, owing to quantum-mechanical indetermin- 


and which introduce somethi , depends 
very largely upon quantum effects.”* This sı 


eems to hold for structures 


y imes also ‘aperiodic solid’) is Schrödingers; 
2, bridge University Press (1944); cf. What is life? and Min 
and matter, Cambridge Universi 967). 


il the peculiarities of quantum mechanics 
(such as eigenstates and eigenvalues) we; M $ 


X re introduced j ics in order to 
explain the strucutral Stability of atoms, oduced into physics in 
The idea that 


f Paea iit 

» I suppose, in Schrédinger’s smal 
: 944) which, it may be sai Fai d both the 
lar biology and of Max Delbruck’s influen anticipate 


lem ice ut to be reducible to physics. In Chapter 7; 
Is life based on the laws of physics’, he says (about living Mette first that ‘we 
must be prepared to find it Working in a manner that cannot be reduced to the 
ordinary laws of Physics’ (What is life? and Mind and matter, p. 81). But a little 
later he says that the new principie’ (that is to say, ‘order from order’) ‘is not 
alien to physics’: it is nothing else than the Principle of quantum physics again 
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ne molecular, crystal, organic, and even on the stellar levels 
Him ae ity of the stars depends upon nuclear reactions), while for 
n ae random movements we can appeal to classical Brownian 
Statist ne to the classical hypothesis of molecular chaos. Thus in this 
by St ure of order supported by disorder, or of structure supported 
ee omness, the role played by quantum effects and by classical 

s appears to be almost the opposite from that in the more traditional 


Pictures. 
VII 


So fi > 

ae ea uve considered progress in science mainly from a biological point 
; however, i i i i 

rical, er, it seems to me that the following two logical points 

Fi P 

step Pi in order that a new theory should constitute a discovery or a 

an it should conflict with its predecessor; that is to say, it 

lceical ead to at least some conflicting results. But this means, from a 
point of view, that it should contradict? its predecessor: it should 


Overthrow it. 
(in 
the form of Nernst’s principle) (What is life? and Mind and matter, p. 88). My 
d, I do not believe in complete 
I think that reduction must be attempted; for 
even a very partial success 


of 4 
f ‘structure from structure’ or ‘order from order’. A A 
ERA my remarks were not clear enough; for in the discussion after the 
Ý ref Tofessor Hans Motz challenged what he Believed to be my reductionism 
ence ang to one of the papers of Eugene Wigner (‘The probability of the exist- 
essays. a self-reproducing unit’, ch. 15 of his Symmetries and reflections: scientific 
of the pp. 200-208, M.LT. Press (1970). In this paper Wigner givesa kind of proof 
tain x thesis that the probability is zero for a quantum theoretical system to con- 
zero ro bsystem which reproduces itself. (Or, more precisely, the probability is 
Subs: ‘or a system to change in such a manner that at one time it contains some 
ystem and later a second subsystem which is a copy of the first.) I have been 


oe by this argument of Wigner’s since its first publication in 1961; and in my 
Y to Motz I pointed out that Wigner’s proof seemed to me refuted by the exist- 


€l p 
nce of Xerox machines (or by the growth of crystals) which must be regarded as 
i i ic’ systems. (It may be claimed that a 


n sufficient precision; yet the 
does not refer to degrees of 
ently virtually absolute relia- 


e J x 
TOX copy or a crystal does not reproduce itself with 
is that he 


by Paulis p 
earl $ principle.) I do not th 
e its irreducibility can be proved; at any rate not at present. f 
Newt Thus Einstein’s theory contradicts Newton’s theory (although it contains 
fase A i ion): in contradistinction to Newton’s theory, 
ravitational fields there cannot 


instein?, re 
pa Stein’s theory shows for example that in strong grav ; 
i icity but without correspond- 


94 SIR KARL POPPER 


In this sense, progress in science—or at least striking progress—is always 
revolutionary. 

My second point is that progress in science, although revolutionary 
rather than merely cumulative,”° is in a certain sense always conservative: 
a new theory, however revolutionary, must always be able to explain 
fully the success of its predecessor. In all those cases in which its prede- 
cessor was successful, it must yield results at least as good as those of its 
predecessor and, if possible, better results. Thus in these cases the pre- 
decessor theory must appear as a good approximation to the new theory; 
while there should be, preferably, other cases where the new theory 
yields different and better results than the old theory.” 

The important point about the two logical criteria which I have stated 


is that they allow us to decide of any new theory, even before it has been 
tested, whether it will be better t 


torical fact, the history of 
bu -impregnated (‘butterfly’ is a 
it oles a set of expectations). The recent accumu- 
x ng elementary particles can be i as an 
accumulation of falsifications x late eaen enone 


By stating these logical criteria for Pro; 


suggestion that two different theories such as Newton’s and 
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science is, by and large, a history of progress. (Science seems to be the 
only field of human endeavour of which this can be said.) 

As I have suggested before, scientific progress is revolutionary. Indeed, 
its motto could be that of Karl Marx: ‘Revolution in permanence.’ How- 
ever, scientific revolutions are rational in the sense that, in principle, it 
is rationally decidable whether or not a new theory is better than its 
predecessor. Of course, this does not mean that we cannot blunder. There 
are many ways in which we can make mistakes. 

An example of a most interesting mistake is reported by Dirac.?° 
Schrédinger found, but did not publish, a relativistic equation of the 
electron, later called the Klein-Gordon equation, before he found and 
published the famous non-relativistic equation which is now called by 
his name. He did not publish the relativistic equation because it did not 
seem to agree with the experimental results as interpreted by the preced- 
ing theory. However, the discrepancy was due to a faulty interpretation 
of empirical results, and not to a fault in the relativistic equation. Had 
Schrédinger published it, the problem of the equivalence between his 
wave mechanics and the matrix mechanics of Heisenberg and Born might 
not have arisen; and the history of modern physics might have been very 
different. 

It should be obvious that the objectivity and the rationality of pro- 
gress in science is not due to the personal objectivity and rationality of 
the scientist2° Great science and great scientists, like great poets, are 
often inspired by non-rational intuitions. So are great mathematicians. As 
Poincaré and Hadamard have pointed out,” a mathematical proof may 
be discovered by unconscious trials, guided by an inspiration of a decid- 
edly aesthetic character, rather than by rational thought. This is true, 
and important, But obviously, it does not make the result, the math- 
ematical proof, irrational. In any case, a proposed proof must be able to 
stand up to critical discussion: to its examination by competing math- 
ematicians. And this may well induce the mathematical inventor tocheck, 
rationally, the results which he reached unconsciously or intuitively. 
Similarly, Kepler’s beautiful Pythagorean dreams of the harmony of the 
world system did not invalidate the objectivity, the testability, the ratio- 
nality of his three laws; nor the rationality of the problem which these 
laws posed for an explanatory theory. fj 

With this, I conclude my two logical remarks on the progress of science; 


_ ?°The story is reported by Paul A. M. Dirac, The evolution of the physicist’s 
Picture of SANS, Seen ‘Am. 208, No. 5, 45-53 (1963); see esp. p. 47. 
[ 3° Cf. of my criticism of the so-called ‘sociology of knowledge’ in ch. 23 of my 
42), 43]. j 
4 ef Do tard, line psychology of invention in the mathematical 
field (see note 13 above). 
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and I now move on to the second part of my lecture, and with it to re- 
marks which may be described as partly sociological, and which bear on 
obstacles to progress in science. 


IX 


I think that the main obstacles to progress in science are of a social nature, 
and that they may be divided into two groups: economic obstacles and 
ideological obstacles. 

On the economic side poverty may, trivially, be an obstacle (although 
great theoretical and experimental discoveries have been made in spite 
of poverty). In recent years, however, it has become fairly clear that 
affluence may also be an obstacle: too many dollars may chase too few 
ideas. Admittedly, even under such adverse circumstances progress can 
be achieved. But the spirit of science is in danger. Big Science may destroy 
great science, and the publication explosion may kill ideas: ideas, which 
are only too rare, may become submerged in the flood. The danger is 
very real, and it is hardly necessary to enlarge upon it, but I may perhaps 
quote Eugene Wigner, one of the early heroes of quantum mechanics, 
who sadly remarks:*? ‘The spirit of science has changed.’ 

This is indeed a sad chapter. But since it is all too obvious I shall not 
Say more about the economic obstacles to progress in science; instead, 
I will turn to discuss some of the ideological obstacles. 


X 


The most widely recognized of the ideological obstacles is ideological or 
religious intolerance, usually combined with dogmatism and lack of 
imagination. Historical examples are so well known that I need not dwell 
upon them. Yet is should be noted that even suppression may lead to 
progress. The martyrdom of Giordano Bruno and the trial of Galileo may 


have done more in the end for the progress of science than the Inquisition 
could do against it. 


The strange case of Aristarchus and the 
opens perhaps a different problem. Becaus 
Aristarchus was accused of im 
explains the obliteration of the theo 
was too bold. We know that Aristarchus’: 


original heliocentric theory 


> 


32 A conversation with Eugene Wigner,Science 181 527-533 ; 33 
33 For Aristarchus and Seleucu: i j a S Gee 
Clarendon Breas Orton Saa s see Sir Thomas Heath, Aristarchus of Samos, 
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Whatever the details of the explanation, the failure was probably due 
to dogmatism and intolerance. But new ideas should be regarded as 
precious, and should be carefully nursed; especially if they seem to be a 
bit wild. I do not suggest that we should be eager to accept new ideas 
just for the sake of their newness. But we should be anxious not to sup- 
press a new idea even if it does not appear to us to be very good. 

There are many examples of neglected ideas, such as the idea of 
evolution before Darwin, or Mendel’s theory. A great deal can be learned 
about obstacles to progress from the history of these neglected ideas. 
An interesting case is that of the Viennese physicist Arthur Haas who in 
1910 partly anticipated Niels Bohr. Haas published a theory of the 
hydrogen spectrum based on a quantization of J. J. Thomson’s atom 
model: Rutherford’s model did not yet exist. Haas appears to have been 
the first to introduce Planck’s quantum of action into atomic theory with 
a view to deriving the spectral constants. In spite of hisuse of Thomson’s 
atom model, Haas almost succeeded in his derivation;and as Max Jammer 
explains in detail, it seems quite possible that the theory of Haas (which 
was taken seriously by Sommerfeld) indirectly influenced Niels Bohr. 
In Vienna, however, the theory was rejected out of hand; it was ridiculed, 
and decried as a silly joke by Ernst Lecher (whose early experiments 
had impressed Heinrich Hertz*5), one of the professors of physics at the 
University of Vienna, whose somewhat pedestrian and not very inspiring 
lectures I attended some eight or nine years later. ap a 

A far more surprising case, also described by Jammer,” ‘Is the rejection 
in 1913 of Einstein’s photon theory, first published in 1905, for which 
he was to receive the Nobel prize in 1921. This rejection of the photon 
theory formed a passage within a petition recommending Einstein for 
membership of the Prussian Academy of Science. The document, which 
Was signed by Max Planck, Walther Nernst, and two other famous physi- 
cists, was most laudatory, and the signatories asked that a slip of Einstein’s 
(such as they obviously believed his photon theory to be) should not be 
held against him. This confident manner of rejecting a theory which, in 
the same year, passed a severe experimental test undertaken by Millikan, 
has no doubt a humorous side; yet it should be regarded as a glorious 
incident in the history of science, showing that even a somewhat dog- 
Matic rejection by the greatest living experts can go hand in hand with 


% See Max Jammer, The conceptual development of quantum mechanics, pp. 
t4 -Hill, New York (1966). 
42, MoGiaw HIN, New Tort waves, Macmillan and Co., London (1894); Dover 
edn, Ne ) 87 f., 273. pia 
ERR pe 5 f., and Théo Kahan, Un document historique de 
l'académie des sciences de Berlin sur l’activité scientifique d Albert Einstein (1913), 
Archs. int. Hist. Sci. 15, 337-342 (1 962); see esp. p- 340. 
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a most liberal-minded appreciation: these men did not dream of sup- 
pressing what they believed was mistaken. Indeed, the wording of the 
apology for Einstein’s slip is most interesting and enlightening. The 
relevant passage of the petition says of Einstein: ‘That he may sometimes 
have gone too far in his speculations, as for example in his hypothesis 
of light quanta [i.e. photons], should not weigh too heavily against him. 
For nobody can introduce, even into the most exact of the natural 
sciences, ideas which are really new, without sometimes taking a risk.” 
This is well said; but it is an understatement. One has always to take the 
tisk of being mistaken, and also the less important risk of being misunder- 
stood or misjudged. 

However, this example shows, drastically, that even great scientists 
sometimes fail to reach that self-critical attitude which would prevent 
them from feeling very sure of themselves while gravely misjudging things. 

Yet a limited amount of dogmatism is necessary for progress: without 
a serious struggle for survival in which the old theories are tenaciously 
defended, none of the competing theories can show their mettle; that is, 
their explanatory power and their truth content. Intolerant dogmatism, 
however, is one of the main obstacles to science. Indeed, we should not 
only keep alternative theories alive by discussing them, but we should 
systematically look for new alternatives; and we should be worried when- 
ever there are no alternatives—whenever a dominant theory becomes 
too exclusive. The danger to Progress in science is much increased if the 
theory in question obtains something like a monopoly. 


XI 


even a scientific theory, may 
e for religion, an entrenched 


ogy, and to muddle the distincti 
revolutions. 
I think that this is quite a serious 

including scientists, are prone to 
fashions. This may well be due to the 
37 Compare Jammer’s slightly 


problem at a time when intellectuals, 
fall for ideologies and intellectual 
decline of religion, to the unsatisfied 
different translation, loc cit. 
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and unconscious religious needs of our fatherless society.** During my 
lifetime I have witnessed, quite apart from the various totalitarian move- 
ments, a considerable number of intellectually highbrow and avowedly 
non-religious movements with aspects whose religious character is un- 
mistakable once your eyes are open to it.°? The best of these many 
movements was that which was inspired by the father figure of Einstein. 
It was the best, because of Einstein’s always modest and highly self- 
critical attitude and his humanity and tolerance. Nevertheless, I shall 
later have a few words to say about what seem to me the less satisfactory 


aspects of the Einsteinian ideological revolution. 

I am not an essentialist, and I shall not discuss here the essence or 
nature of ‘ideologies’. I will merely state very generally and vaguely that 
I am going to use the term “ideology? for any non-scientific theory or 
creed or view of the world which proves attractive, and which interests 
people, including scientists. (Thus there may be very helpful and also 
very destructive ideologies from, say, a humanitarian or a rationalist point 
of view.) I need not say more about ideologies in order to justify the 
sharp distinction which I am going to make between science?" and 


38 Our Western societies do not, by their structure, satisfy the need for a father- 
figure. I discussed the problems that arise from this fact briefly in my (unpublished) 
William James Lectures in Harvard (1950). My late friend, the psychoanalyst Paul 
Federn,showed me shortly afterwards an earlier paper of his devoted to this problem. 


39 Obvious examples are the roles of prophet played, in various movements, by 


Sigmund Freud, Arnold Schönberg, Karl Kraus, Ludwig Wittgenstein, and Herbert 
Marcuse. z 

40 There are many kinds of ‘ideologies’ in the wide and (deliberately) vague sense 
of the term used in the text, and therefore many aspects to the distinction between 
science and ideology. Two may be mentioned here. One is that scientific theories 
can be distinguished or ‘demarcated’ (see note 41) from non-scientific theories 
which, nevertheless, may strongly influence scientists, and even inspire their work. 
(This influence, of course, may be good or bad or mixed.) A very different aspect 
is that of entrenchment: a scientific theory may function as an ideology if it be- 
comes socially entrenched. This is why, when speaking of the distinction between 
scientific revolutions and ideological revolutions, I include among ideological 
revolutions changes in non-scientific ideas which may inspire the woko scientists, 
and also changes in the social entrenchment of what may otherwise be a scientific 
theory. (I owe the formulation of the points in this note to Jeremy Shearmur who 


has i er points dealt with in this lecture.) | 
pane peo If too often, I did not mention in this lecture my 


haracter of a theory (falsifiability or 


poe in 1973.) My answer to ihe S was 
see my [40], ch. 2, section 10 and elsewhere). may ı e rer: 
is not Ar that is, it does not belong to empirical science but it is, tather, a 
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‘ideology’, and further, between scientific revolutions and ideological 
revolutions. But I will elucidate this distinction with the help of anumber 
of examples. 

These examples will show, I hope, that it is important to distinguish 
between a scientific revolution in the sense of a rational overthrow of 
an established scientific theory by a new one and all processes of ‘social 
entrenchment’ or perhaps ‘social acceptance’ of ideologies, including 
even those ideologies which incorporated some scientific results. 


XII 


As my first example I choose the Copernican and Darwinian revolutions, 
because in these two cases a Scientific revolution gave rise to an ideo- 
logical revolution. Even if we neglect here the ideology of ‘Social Darwin- 
ism’, we can distinguish a scientific and an ideological component in 
both these revolutions. 

The Copernican and Darwinian revolutions were ideological in so far 
as they both changed man’s view of his place in the Universe. They clearly 
were scientific in so far as each of them overthrew a dominant scientific 
theory: a dominant astronomical theoryand a dominant biological theory. 

It appears that the ideological impact of the Copernican and also of 


I ) portant to distinguish between Scientific and ideo- 
logical revolutions Particularly in those cases in which the ideological 
revolutions interact with revolutions in science, 

The example, more especially, 


this should not be taken to mean 

things as standards of rationality). 

(normative) proposal. My gospel (and also m; is, inci itici: 

though not just by observation; and it has been eriticieg nu entally, SAS a 
* For a criticism of Social Darwinism see my [42], ch. 10, note 71. 
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which bases itself on accepted scientific results may be irrational, as is 
shown by the many movements of modernism in art (and in science), 
and also of archaism in art; movements which in my opinion are intel- 
lectually insipid since they appeal to values which have nothing to do 
with art (or science). Indeed, many movements of this kind are just 
fashions which should not be taken too seriously. 

Proceeding with my task of elucidating the distinction between scien- 
tific and ideological revolutions, I will now give several examples of major 
scientific revolutions which did not lead to any ideological revolution. 

The revolution of Faraday and Maxwell was, from a scientific point 
of view, just as great as that of Copernicus, and possibly greater: it de- 
throned Newton’s central dogma—the dogma of central forces. Yet it 
did not lead to an ideological revolution, though it inspired a whole 
generation of physicists. 

J. J. Thomson’s discovery (and theory) of the electron was also a 
major revolution. To overthrow the age-old theory of the indivisibility 
of the atom constituted a scientific revolution easily comparable to 
Copernicus’s achievement: when Thomson announced it, physicists 
thought he was pulling their legs. But it did not create an ideological 
revolution. And yet, it overthrew both of the two rival theories which 
for 2400 years had been fighting for dominance in the theory of matter 
—the theory of indivisible atoms, and that of the continuity of matter. 
To assess the revolutionary significance of this breakthrough it will be 
sufficient to remind you that it introduced structure as well as electricity 
into the atom, and thus into the constitution of matter. Also, the quan- 
tum mechanics of 1925 and 1926, of Heisenberg and of Born, of de 
Broglie, of Schrödinger and of Dirac, was essentially a theory of the 
Thomson electron. Thomson’s scientific revolution led to the electronic 
revolution in technology, and to quantum mechanics; more especially, 
it led to the solid state phase of this technological revolution. But none 
of these great scientific and technological revolutions happened to stimu- 
late (as did the Copernican or the Darwinian revolution) a new semi- 
cere ieee l (which includes all kinds of 

4 * (which 1 o 
ened art to my use of ghe Yafuding some that may sence scientists) it 
should be clear that I intend to cover by this term not only historicist fashions like 
‘modernism’, but also serious, and rationally discussable, metaphysical and ethical 


ideas, o Jim Erikson, a former student of mine in Christchurch, 
New en eee al in a discussion: ‘We do not suggest that science 
invented intellectual honesty, but we do suggest that intellectual ony nerd 
science.’ A very similar idea is to be found in ch. ix (The ea a nes) 
of Jacques Monod’s book Chanceand necessity, Knopf, New A ork ( 4 ). esal 
my [43]. vol ii ch. 24 (The revolt against reason). We might say, of course, thas 
an ideology which has learned from the critical approach of the sciences is likely to 
e more rational than one which clashes with science- 
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Another striking example is Rutherford’s overthrow in 1911 of the 
model of the atom proposed by J. J. Thomson in 1903. Rutherford had 
accepted Thomson’s theory according to which the positive charge must 
be distributed over the whole space occupied by the atom. This may be 
seen from his reaction to the famous experiment of Geiger and Marsden. 
They found that when they shot alpha particles at a very thin sheet of 
gold foil, a few of the alpha particles—about one in twenty thousand— 
were reflected by the foil, rather than merely deflected. Rutherford was 
incredulous. As he said later: ‘It was quite the most incredible event that 


has ever happened to me in my life. It was almost as incredible as if you 
fired a fifteen-inch shell at a 


hit you.’ This remark of Ru 
character of the discovery. 
refuted Thomson’s model of 


Scientific revolutions in the history of 
n been recognized as such. I mean the 
theory of matter which had become 


i esp. pp. 8-9, Springer. 
form a chapter in my forthcoming volume Philosophy and Physics.). 


e func (that the inertial Mass 
as the inertia of the moving electromagnetic fiel 


l lectromagnet: : i 
elektromagnetische Masse des Elektrons, Phys. en GEN ee ML 
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There are many other major scientific revolutions which failed to 
trigger off any ideological revolution; for example, Mendel’s revolution 
(which later saved Darwinism from extinction). Others are X-rays, 
radioactivity, the discovery of isotopes, and the discovery of super- 
conductivity. To all these, there was no corresponding ideological revol- 
ution. Nor do I see as yet an ideological revolution resulting from the 
breakthrough of Crick and Watson. 


XIII 


Of great interest is the case of the so-called Einsteinian revolution; I 
mean Einstein’s scientific revolution which among intellectuals had an 
ideological influence comparable to that of the Copernican or Darwinian 
revolutions. 

Of Einstein’s many revolutionary discoveries in physics, there are two 
which are relevant here. x s 

The first is special relativity, which overthrows Newtonian kinematics, 
replacing Galileo invariance by Lorentz invariance. Of course, this 
revolution satisfies our criteria of rationality: the old theories are ex- 
plained as approximately valid for velocities which are small compared 


with the velocity of light. T ? 
As to the ideological revolution linked with this scientific revolution, 


one element of it is due to Minkowski. We may state this element in 


inzipi i i 3 (1902-3) 
Abraham. Prinzipien der Dynamik des Elektrons, Phys. Z, 4, pp. 57-63 
and M; Abraham, Theorie der Hts Yol; i; BP, 19 Etyomagnetshe ver 
e idea w: ongly supported by H. A. Lorent?,, t is 
schijnselen fa k strona dat ich met willekeurige snelheid, icine eas aig yan r 
licht, beweegt, Versl. gewone Vergad. wis- en natuurk, Afd. K. kaa h ce m A 
12, second part, 986-1009 (1903-4), and by Einstein $ special rel ativi y, lea ing 
to results deviating from those of Kaufmann and Abraham. The e! EARI N 
theory of matter had a great ideological influence on scientists because of the 


inati ibili ini A as shaken and modified by Ruther- 
fascinating possibility of explaining matter. es shaken Chadwick’ discovery of 


ts final overthrow by the theory of 


two simple first principles. The greatnes hi i i 
i 5, ii te 45 above). This book, which 
reading Abraham’s book (Vol. ii, referred dd re relativity) contains a full 


tion: of Lorentz’s theory of the Michelson experi- 


and 370 f., quite close to Einsteinian ideas 
better info: he problem situation than in. Yet there 
realization. perience potentialities of ue problem situation; quite the 
contrary. For Abraham writes in his Preface, @ ed Foe Tn sions 
clectricit have entered a state of quieter developmen’ 

Ex hopeless i ie ears a great scientist like Abraham to foresee the future 
development of his science. 
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Minkowski’s own words. ‘The views of space and time I wish to lay 
before you’, Minkowski wrote, ‘. . . are radical. Henceforth space by 
itself, and time by itself, are doomed to fade away into mere shadows, 
and only a kind of union of the two will preserve an independent 
reality.“ This is an intellectually thrilling statement. But it is clearly not 
science: it is ideology. It became part of the ideology of the Einsteinian 
revolution. But Einstein himself was never quite happy about it. Two 
years before his death he wrote to Cornelius Lanczos: ‘One knows so 
much and comprehends so little. The four-dimensionality with the 
[Minkowski signature of} +++ — belongs to the latter category. me 

A more suspect element of the ideological Einsteinian revolution is 
the fashion of operationalism or positivism—a fashion which Einstein 
later rejected, although he himself was responsible for it, owing to what he 
had written about the Operational definition of simultaneity. Although, 
as Einstein later realized,*® operationalism is, logically, an untenable 
doctrine, it has been very influential ever since, in physics, and especially 
in behaviourist psychology. 

With respect to the Lorentz transformations, it does not seem to have 
become part of the ideology that they limit the validity of the transitivity 
nciple of transitivity remains valid within each 


or more especially Einstein’s cosmology, allows the introduction of a pre- 
ferred cosmic time and 


frames.*9 


was in my opinion one of the greatest scientific 
revolutions ever, because it clashed with 


theory ever—Newton’s th 


47 See H. Minkowski, Space and time, in A. Einstein, H. A. Lorentz, H. Weyl, 
and H. Minkowski, The principle of relativi 


> 


- Wartofsky (eds), B. ies in the philo- 
sophy of science, Vol. 3s Pp. 181-198 (1967 nee Ded peia ridla in the 


criticism in my [40] , p. 440. I pointed out tog 


3 ington, Space time and gravitation, pp. 162 f., Cambridge 
University Press (1 935). It is interesting in this context that Dirac (on p. 46 of the 
Paper referred to in note 29 above) says that he now doubts whether four- 
dimensional thinking is a fund. 


1 ng amental requirement of Physics. (It is a fundamental 
requirement for driving a motor car.) 
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physical particle (photons included) which approaches the centre of a 
gravitational field with a velocity exceeding six-tenths of the velocity of 
light is not accelerated by the gravitational field, as in Newton’s theory, 
but decelerated: that is, not attracted by a heavy body, but repelled.° 

This most surprising and exciting result has stood up to tests; but it 
does not seem to have become part of the ideology. 

i It is this overthrow and correction of Newton’s theory which from a 
scientific (as opposed to an ideological) point of view is perhaps most sig- 
nificant in Einstein’s general theory. This implies, of course, that Einstein’s 
theory can be compared point by point with Newton’s® and that it pre- 
serves Newton’s theory as an approximation. Nevertheless, Einstein 
never believed that his theory was true. He shocked Cornelius Lanczos 
in 1922 by saying that his theory was merely a passing stage; he called 
it ‘ephemeral’.5? And he said to Leopold Infeld"? that the left-hand side 
of his field equation™ (the curvature tensor) was solid as a rock, while the 
right-hand side (the momentum-energy tensor) was as weak as straw. 

In the case of general relativity, an idea which had considerable ideo- 
logical influence seems to have been that of a curved four-dimensional 
space. This idea certainly plays a role in both the scientific and the ideo- 
logical revolution. But this makes it even more important to distinguish 
the scientific from the ideological revolution. 

However, the ideological elements of the Einsteinian revolution in- 
fluenced scientists, and thereby the history of science;and this influence 


was not all to the good. 

_ First of all, the myth that Einstein 
tial use of epistemological and especially o 
my opinion a devastating effect upon science. 
get your results—especially good results—by d 
ing black coffee, or even from amistaken episte 


5° More precisely, a body falling from infinity with 
the centre of a gravitational field will be constantly decelera' 
centre, $ 
51 See the reference to Troels Eggers Hansen cited in note. i 5 
Havas, Four-dimensional formulations of Newtonian mechanics and their relation 
to the special and the general theory of relativity, Revs mod. Phys. 36, 938-965 
y 964), and Foundation problems in general rea a Pere ed in the 
oundatio ic . M. Bunge), pp- 12: -1 . Of course, the com- 
i hs of hg N an } p52 f. of E. Wigner’s book referred to in 


Parison is not trivial: see, for example, pP- 2 
s2 See C. Lanczos, op. cit., p. 196. 


Note 24 above. 

53 See Leopold Infeld, Quest, p. 90. Victor Gollancz, London (1941). 

54 See A. Spot Die soe eenieee der Gravitation, Sber. Akad. Wiss. Berlin, 
Part 2, 844-847 (1915); Die Grundlage der allgemeinen Relativititstheorie, Annin 
Phys., (4th Ser.) 49, 769-822 (1916). i : 

55 I believe that §2 of Einstein’s famous paper, Die Grundlage der allgemeinen 
Relativititstheorie (see note 54 above; English translation, The foundation of the 
general theory of relativity, The principle of relativity, pp. 111-164; see note 47 


had reached his result by an essen- 
perationlist methods had in 
(It is irrelevant whether you 
reaming them, or by drink- 
mology.°*) Secondly it led 
a velocity v > c/3% towards 
ted in approaching this 


note 27 above; and Peter 
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to the belief that quantum mechanics, the second great revolutionary 
theory of the century, must outdo the Einsteinian revolution, especially 
with respect to its epistemological depth. It seems to me that this belief 
affected some of the great founders of quantum mechanics,®°° and also 
some of the great founders of molecular biology.*” It led to the domi- 
nance of a subjectivist interpretation of quantum mechanics; an inter- 
pretation which I have been combating for almost forty years. I cannot 
here describe the situation; but while Iam aware of the dazzling achieve- 
ment of quantum mechanics (which must not blind us to the fact that it is 
seriously incomplete**) I suggest that the orthodox interpretation of 
quantum mechanics is not part of physics, but an ideology. In fact, it is 
part of a modernistic ideology; and it has become a scientific fashion 
which is a serious obstacle to the Progress of science. 


XIV 


n a he distinction between a scientific revol- 
ution and the ideological revolution which may sometimes be linked 


S epistemological i , lute 
space and for a very important theory. gical arguments against Newton’s abso 


).Emigré physicists and the biological revolu- 
tion, by Donald Flemin » Pp. 152- i H P no og i 
reference to Professor Mawes Began “Specially sections iv and v. owes 


* It is clear that a physical theory which d i 
] oes not explain such constants as the 
electric elementary quantum (or the fine structure SURAT) is acon plete: to say 
nothing of the Mass spectra of the elementary Particles. See my paper, Quantum 
mechanics without ‘the observer’, referred to in note 45 above À 
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HISTORY OF SCIENCE AND ITS 
RATIONAL RECONSTRUCTIONS 


IMRE LAKATOS 
INTRODUCTION 


‘PHILOSOPHY of science without history of science is empty; history of 
science without philosophy of science is blind.’ Taking its cue from this 
paraphrase of Kant’s famous dictum, this paper intends to explain how 
the historiography of science should learn from the philosophy of science 
and vice versa. It will be argued that (a) philosophy of science provides 
normative methodologies in terms of which the historian reconstructs 
‘internal history’ and thereby provides a rational explanation of the 
growth of objective knowledge; (b) two competing methodologies can 
be evaluated with the help of (normatively interpreted) history; (c) any 
rational reconstruction of history needs to be supplemented by an 
empirical (socio-psychological) ‘external history’. 

The vital demarcation between normative-internal and empirical- 
external is different for each methodology. Jointly, internal and ex- 
ternal historiographical theories determine to a very large extent the 
choice of problems for the historian. But some of external history’s most 
crucial problems can be formulated only in terms of one’s methodology; 
thus internal history, so defined, is primary, and external history only 
secondary. Indeed, in view of the autonomy of internal (but not of 
external) history, external history is irrelevant for the understanding 
of science.! 


From PSA 1970, Boston Studies in the Philosophy of Science VIII, edited by 
R. C. Buck and R. S. Cohen, pp- 91-108. Reprinted by permission of D. Reidel 
Publ. Co., Dordrecht, Holland. Part 2 of this paper is pp- 109-37, in that volume 
followed by comments by H. Feigl, R- Hall, N. Koertge, and T. S. Kuhn, anda reply 
by Lakatos. The complete paper is ‘also printed in [51], vol. i, pp. 109-38. 
Internal history’ is usually defined as intellectual history; ‘external history’ as 
social history (cf. e.g. Kuhn [8, pP- 105-26] ). My unorthodox, new demarcation 
between ‘internal’ and ‘external’ history constitutes a considerable problemshift 
and may sound dogmatic. But my definitions form the hard core of a historio- 
graphical research programme; their evaluation is part and parcel of the evaluation 


of the fertility of the whole programme. 
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I shall now sketch four different 
characterized by 
of theories or res 


‘logics of discovery’, Each will be 
(scientific) acceptance and rejection 
These rules havea double function. 


facts, or—deductively or inductively—q 
already proven. 


evga Y there. Thus methodology epar 
; e Judgments are from « ught’statements. (I owe 
this analogy to John Watkins.) ough 
3 The epistemological significance of scientific ‘acceptance’ and ‘rejection’ is, 
as we shall see, far from being the same in the four methodologies to be discussed. 
4 ‘Neo-inductivism demands only (Provably) highly probable. generalizations. In 
what follows I shall only discuss classi li 


= eas cal inductivism; but the watered down neo- 
inductivist variant can be similarly dealt with. 
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Each methodology has its specific epistemological and logical prob- 
lems. For example, inductivism has to establish with certainty the truth 
of ‘factual’ (‘basic’) propositions and the validity of inductive inferences. 
Some philosophers get so proccupied with their epistemological and 
logical problems that they never get to the point of becoming interested 
in actual history; if actual history does not fit their standards they may 
even have the temerity to propose that we start the whole business of 
science anew. Some others take some crude solution of these logical and 
epistemological problems for granted and devote themselves to a rational 
reconstruction of history without being aware of the logico-epistemolog- 
cal weakness (or, even, untenability) of their methodology." 

Inductivist criticism is primarily sceptical: it consists in showing that 
a proposition is unproven, that is, pseudoscientific, rather than in show- 
ing that it is false. When the inductivist historian writes the prehistory 
of a scientific discipline, he may draw heavily upon such criticisms. And 
he often explains the early dark age—when people were engrossed by 
‘unproven ideas’—with the help of some ‘external’ explanation, like the 
socio-psychological theory of the retarding influence of the Catholic 
Church. 

The inductivist historian recognizes only two sorts of genuine scientific 
discoveries: hard factual propositions and inductive generalizations. 
These and only these constitute the backbone of his internal history . 
When writing history, he looks out for them—finding them is quite a 
problem. Only when he finds them, can he start the construction of his 
beautiful pyramids. Revolutions consist in unmasking (irrational) errors 
which then are exiled from the history of science into the history of 
pseudoscience, into the history of mere beliefs: genuine scientific pro- 
gress starts with the latest scientific revolution in any given field. 

Each internal historiography has its characteristic victorious para- 
digms.” The main paradigms of inductivist historiography were Kepler’s 
generalizations from Tycho Brahe’s careful observations; Newton’s dis- 
covery of his law of gravitation by, in turn, inductively generalizing 
Kepler’s ‘phenomena’ of planetary motion; and Ampére’s discovery of 
his law of electrodynamics by inductively generalizing his observations 
of electric currents. Modern chemistry too is taken by some inductivists 
as having really started with Lavoisier’s experiments and his ‘true ex- 


planations’ of them. 
But the inductivist historian ¢ 
nation for why certain facts rather t 
5 Cf. below, pp. 114-115. 
6 For a detailed discussion of in 
cism cf. my [50]. 
7] am now using the term ‘paradi; 


annot offer a rational ‘internal’ expla- 
han others were selected in the first 


ductivist (and, in general, justificationist) criti- 


gm’ in its pre-Kuhnian sense. 
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instance. For him this is a non-rational, empirical, external problem. 
Inductivism as an ‘internal’ theory of rationality is compatible with 
many different supplementary empirical or external theories of problem- 
choice. It is, for instance, compatible with the vulgar-Marxist view that 
problem-choice is determined by social needs,® indeed, some vulgar- 
Marxists identify major phases in the history of science with the major 
phases of economic development.? But choice of facts need not be deter- 
mined by social factors; it may be determined by extra-scientific intel- 
lectual influences. And inductivism is equally compatible with the 
‘external’ theory that the choice of problems is primarily determined 
by inborn, or by arbitrarily chosen (or traditional) theoretical (or ‘meta- 
phisical’) frameworks. 

There is a radical brand of inductivism which condemns all external 
influences, whether intellectual, psychological or sociological, as creating 
impermissible bias: radical inductivists allow only a [random] selection 
by the empty mind. Radical inductivism is, in turn, a special kind of 
radical internalism. According to the latter once one establishes the exist- 
ence of some external influence on the acceptance of a scientific theory 
(or factual Proposition) one must withdraw one’s acceptance: proof of 
external influence means invalidation; but since external influences 


always exist, radical internalism isutopian, and, asa theory of rationality, 
self-destructive.!! 


great scientists thought highly of metaphysics and, indeed, why they 


t for reasons which, in the light 
» look very odd, he will tefer these problems of ‘false con- 
sciousness’ to Psychopathology, that is, to external history. 


only changes and complicates the 


coe Sonya ibilify was Bomid out by Agassi [52, pp. 23-7] . But did he not 
Point out the analogous compatibilit within hi ificationist histori hy; 
SE below, Pe tien y is own falsificationist historiography 

one e.g. Bernal, J. D., Science in History (3rd edn. London: Watts, 1965). 
p. 377. 


10 Some logical Positivists belonged to this set: one recalls Hempel’s horror at 
Popper’s casual Praise of certain external metaphysical influences upon science. Cf. 
C. G. Hempel’s review of [40] , Deutsche Literaturzeitung 1937, pp. 309-14. 

11 When German obscurantists scoff at ‘posi 


5 s, A g tivism’, they frequent: mean radi- 
cal internalism, and in Particular, radical inductivism, ° idea z 
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conventionalist does not regard any pigeonhole system as provenly true, 
but only as ‘true by convention’ (or possibly even as neither true nor 
false). In revolutionary brands of conventionalism one does not have to 
adhere forever to a given pigeonhole system: one may abandon it if it 
becomes unbearably clumsy and if a simpler one is offered to replace 
it.!? This version of conventionalism is epistemologically, and especially 
logically, much simpler than inductivism: it is in no need of valid induc- 
tive inferences. Genuine progress of science is cumulative and takes place 
on the ground level of ‘proven’ facts;!? the changes on the theoretical level 
are merely instrumental. Theoretical ‘progress’ is only in convenience 
(‘simplicity’), and not in truth-content.'* One may of course, introduce 
revolutionary conventionalism also at the level of ‘factual’ propositions, 
in which case one would accept ‘factual’ propositions by decision rather 
than by experimental ‘proofs’. But then, if the conventionalist is to retain 
the idea that the growth of ‘factual’ science has anything to do with 
objective, factual truth, he must devise some metaphysical principle 
which he then has to superimpose on his rules for the game of science. 
If he does not, he cannot escape scepticism or, at least, some radical form 
of instrumentalism. 

_ (It is important to clarify 
instrumentalism. Convention 
assumptions may have true c 
have great predictive power. 
of comparing rival false theories. Mos 
signs and found themselves holding some version of the pragmatic theory 
of truth. It was Popper’s theory of truth-content, verisimilitude and cor- 
roboration which finally laid down the basis of a philosophically flawless 


12 For what I here call revolutionary conventionalism, see [50, pp. 104 and 


187-9] 

13 I mainly discuss here only one version of revolutionary conventionalism, the 
one which Agassi called ‘unsophisticated’: the one which assumes that factual pro- 
Positions—unlike pigeonhole systems—can be ‘proven’. Cf. Agassi, J., ‘Sensation- 
alism’, Mind, 75 (1966) pp. 1-24. (Duhem, for instance, draws no clear distinction 
between facts and factual propositions.) z : 

alists are reluctant to give up 


14 It is important to note that most convention: 
portant to between the ‘floor of facts’, the ‘floor 


inductive generalizations. They distinguish a Wi 
of laws’ (fe. inductive voneralizations from ‘facts’) and the ‘floor of theories’ (or 
of pigeonhole systems) which classify, conveniently, both facts and inductive laws. 
(Whewell [46], the conservative sonventionalist, and Duhem [47], the revolution- 
ary conventionalist, difter less than most people imagine.) : ri 

a SOne may call such metaphysical principles inductive principles . For an 
inductive principle’ which—roughly speaking—makes Popper’s degree of corro- 
boration’ (a conventionalist appraisal) the measure of Popper's verisimilitude 
(truth-content minus falsity-content) see [51,i, ch. 3, sec. 2, and ii, pp. 181-93]. 
(Another widely held ‘inductive principle’ may be formulated like this: ‘What the 
group of trained—or up-to-date, or suitably purged—scientists decide to accept as 
true”, is true.”) 


the relation between conventionalism and 
alism rests on the recognition that false 
consequences; therefore false theories may 
Conventionalists had to face the problem 
t of them conflated truth with its 
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version of conventionalism. On the other hand some conventionalists 
did not have sufficient logical education to realize that some propositions 
may be true whilst being unproven; and others false whilst having ae 
consequences, and also some which are both false and — 
true. These people opted for ‘instrumentalism’: they came to regar: 
theories as neither true nor false but merely as ‘instruments’ for predic- 
tion. Conventionalism, as here defined, is a philosophically sound pos- 
ition; instrumentalism is a degenerate version of it, based on a mere 
philosophical muddle caused by lack of elementary logical competence.) 
Revolutionary conventionalism was born as the Bergsonians’ philo- 
sophy of science: free will and creativity were the slogans. The code of 
scientific honour of the conventionalist is less rigorous than that of the 
inductivist: it puts no ban on unproven speculation, and allows a Pigeon: 
hole system to be built around any fancy idea. Moreover, conventionalism 
does not brand discarded systems as unscientific: the conventionalist 
sees much more of the actual history of science as rational (‘internal’) 


The paradigmatic case of a scientific revolutio 
has been the Copernican revolution, Efforts 
that Lavoisier’s and Einstein’s rey 
clumsy theories by simple ones. 

graphy cannot offer a rational explanation 

of why certain facts were selected in the first instance or of why certain 
i ms were tried rather than others at a stage 
were yet unclear. Thus conventionalism, like 
e with various supplementary empirical ‘exter- 


n for the conventionalist 
have been made to show 
olutions too were replacements of 


when their relative merits 
inductivism, is compatibl 
nalist’ programmes. 
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often claim that they derive their theories from facts? The conventional- 
ist’s rational reconstruction often differs from the great scientists’ own 
reconstruction—the conventionalist historian relegates these problems 
of false consciousness to the externalist.’” 


(c) Methodological falsificationism 

Contemporary falsificationism arose as alogico-epistemological criticism 
of inductivism and of Duhemian conventionalism. Inductivism was 
criticized on the grounds that its two basic assumptions, namely, that 
factual propositions can be ‘derived’ from facts and that there can be 
valid inductive (content-increasing) inferences, are themselves unproven 
and even demonstrably false. Duhem was criticized on the grounds that 
comparison of intuitive simplicity can only be a matter for subjective 
taste and that it is so ambiguous that no hard-hitting criticism can be 
based on it. Popper [40] proposed anew “falsificationist’ methodology."* 
This methodology is another brand of revolutionary conventionalism: 
the main difference is that it allows factual, spatio-temporally singular 
‘basic statements’, rather than spatio-temporally universal theories, to 
be accepted by convention. In the code of honour of the falsificationist 
a theory is scientific only if it can be made to conflict with a basic state- 
ment; and a theory must be eliminated if it conflicts with an accepted 
basic statement. Popper also indicated a further condition that a theory 
must satisfy in order to qualify as scientific: it must predict facts which 
are novel, that is, unexpected in the light of previous knowledge. Thus, 
it is against Popper’s code of scientific honour to propose unfalsifiable 
theories or ‘ad hoc’ hypotheses (which imply no novel empirical predic- 
polis as it is against the (classical) inductivist code of scientific 

n ones. 

SoU LO PTOP une an methodology lies in its clarity and 


The great attraction of Popperian me’ "A! 6 teici : 
f scientific criticism contains empiri- 


force. Popper’s deductive model o 
pp lly universal propositions, initial con- 


call i tio-tempora 
y falsifiable spa The weapon of criticism is the modus 


ditions and their consequences. Pee SEMAN ae $ 
tollens: neither inductive logic not intuitive simplicity complicate the 


picture.’ R et histori si 

A é on-inductivist historians Newton’s ‘Hypotheses non fingo’ 
repent ee fo blem. Duhem, who unlike most historians did AR 
indulge in Newton-worship, dismissed Newton’s inductivist methodology as logical 
RONSE but Koyré (8 14 D, whose many strong points did not include logic, 
darti ibng chapters to the ‘hidden depths’ of Newton’s muddle. _ 

18 In this paper 1 use this term to stand exclusively for one version of falsifica- 
tionism, namely for. ‘naive methodological falsificationism’, as defined in [50, 
pp. 93-114]. |. hodology the concept of intuitive simplici 

i eee metho th nce. À itive simplicity has no place, 

use the term ‘simplicity’ for ‘degree of falsifiability’. 
Popper was icity se tn nis: cf. [50, pp. 132 ff. Hits But tere 
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(Falsificationism, though logically impeccable, has epistemological 
difficulties of its own. In its ‘dogmatic’ proto-version it assumes the 
Provability of propositions from facts and thus the disprovability of 
theories—a false assumptions. [Cf. 50, Pp. 98] In its Popperian ‘conven- 
tionalist’ version it needs some (extra-methodological) inductive prin- 


The Popperian historian looks for great, ‘bold’, falsifiable theories 
and for great negative curicial experiments. These form the skeleton of 
perians’ favourite paradigms of great falsifi- 


arch programme [52, pp. 64-74]. 
ed’, if you wish) that behind each 
teory which the discovery contra- 


discoveries (as the first four were said to b ine i as 
Hertz first thought his discovery was).?0 mor neem ok 
Prediction: all these five experiments Were successful refutations—in 
some cases even planned refutations—of t 
unearth, and, indeed, in most Cases, cl; 
Popperian internal history, in turn is rea n 
ternal theories of history. Thus Popper himealf PPlemented py ex 
positive side) (1) the main external stimulus of scientific theories comes 
from unscientific ‘metaphysics’, and even from myths (this later 
beautifully illustrated, mainly by Koyré); and n the ne; ie side) 
(2) facts do not constitute such external st factual A ESS 8 
belong completely to internal history, Tefutatio: apices 
scientific theory, so that facts are only noticed if they conflict with ae 
previous expectation. Both these are cornerstones of 


fäi era Popper’s psychology 

20 An experimental discovery is a chance discovery in th ape gael t 
neither a confirming nor a refuting instance of some theory inactive sense if it is 
of knowledge of the time; it is a chance discovery in the Subjective jective body 
made (or recognized) by the discoverer neither as a confirmi, sense if it is 


Py Min; 4 
instance of some theory he personally had entertained at the ieee as a refuting 
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re a Feyerabend developed another interesting psychological 
OEFA opper s, namely, that proliferation of rival theories may— 
B nally—speed up internal Popperian falsification.”” 

be T external supplementary theories of falsificationism need not 
(päe E ed to purely intellectual influences. It has to be emphasized 
VER gassi) that falsificationism is no less compatible with a vulgar- 
cule ae of what makes science progress than is inductivism. The 
enla oe is that while for the latter Marxism might be invoked to 
plata th le discovery of facts, for the former it might be invoked to ex- 
ins fort ‘a invention of scientific theories; while the choice of facts (that 
an r the falsificationist, the choice of ‘potential falsifiers’) is primarily 

etermined internally by the theories. 
i False awareness’—‘false’ from the poin 
Be aeae a problem for the falsificatio 
ae lo some scientists believe that crucial e: 
P ifying rather than negative and falsifying 

Opper who, in order to solve these problems, elaborated better than 
anybody else before him the cleavage between objective knowledge (in 
his ‘third world’) and its distorted reflections in individual minds [45, 
chs. 3, 4]. Thus he opened up the way for my demarcation between in- 


ternal and external history. 


t of view of his rationality 
nist historian. For instance, 
xperiments are positive and 
? It was the falsificationist 


(d) Methodology of scientific research programmes 


According to my methodology the great scientific achievements are 
be evaluated in terms of progressive and 


research programmes which can 

degenerating problemshifts; and scientific revolutions consist of one 

research programme superseding (overtaking in progress) another.”? This 

methodology offers a new rational reconstruction of science. It is best 

presented by contrasting it with falsificationism and conventionalism, 
ssential elements. 


from both of which it borrows € 
it was Agassi and Watkins who particularly 


21 Within the Popperian circle, it w 
n5 of unfalsifiable or barely testable ‘metaphysical’ 


emphasized the importance ` ientij 

theories in providing an external stimulus to later properly scientific developments. 

(Cf. [55]) and Watkins, J.W. M., ‘Influential and Confirmable Metaphysics’, Mind, 

mus. 67 (1958), PP- 344-65. The idea, of course, is already there in Popper’s [40]. 

] ; but the new formulation of the difference between their approach 

going to give in this paper will, I hope, be much clearer. 

22 Popper occasional y—and Feyerabend systematically —stressed the catalytic 
s in devising so-called ‘crucial experiments’. But 

t merely catalysts, which can be later removed in the rational 

reconstruction, they. are necessary parts of the falsifying process. Cf. Popper [44] 

and Feyerabend [63]; but cf. also [50, p. 121, n. 4]. 

ahe ferns ‘progressive’ and ‘degenerating problemshifts’, ‘ 
grammes” ‘superseding’ will be crudely defined in what follows—for sore dabonts 


definitions see : 
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From conventionalism, this methodology borrows the licence ration- 
ally to accept by convention not only spatio-temporally singular ‘factual 
statements’ but also spatio-temporally universal theories: indeed, this 
becomes the most important clue to the continuity of scientific growth.”* 
The basic unit of appraisal must be not an isolated theory or conjunction 
of theories but rather a ‘research Programme’, with a conventionally 
accepted (and thus by provisional decision ‘irrefutable’) ‘hard core’ and 
with a ‘positive heuristic’ which defines problems, outlines the construc- 
tion of a belt of auxiliary hypotheses, foresees anomalies and turns them 
victoriously into examples, all according to a preconceived plan. The 
scientist lists anomalies, but as long as his research programme sustains 
its momentum, he may freely put them aside. /t is primarly the positive 
heuristic of his Programme, not the anomalies, which dictate the choice 
of his problems.” Only when the driving force of the positive heuristic 
weakens, may more attention be given to anomalies. The methodology 
of research programmes can explain in this way the high degree of auton- 
omy of theoretical science: the naive falsificationist’s disconnected chains 
of conjectures and refutations cannot. What for Popper, Watkins and 
Agassi is external, influential metaphysics, here turns into the internal 
‘hard core’ of a programme 2 

_ The methodology of research Programmes presents a very different 
Picture of the game of science from the picture of the methodological 
falsificationist. The best opening gambit is not a falsifiable (and there- 
fore consistent) hypothesis, but a research programme. Mere ‘falsifi- 
cation’ (in Popper’s sense) must not imply rejection. (Cf. [50, pp. 116 
ff. and 154 ff.] and [51, ii, Pp. 175-8] .) Mere ‘falsifications’ (that is, 
anomalies) are to be recorded but need not be acted upon. Popper’s great 


indicate a very one-sided theory of learning from experience. (Cf. [50, pp. 121-3]). 


no p F siti ist within philosoph; of science, would 
doubt, exclude most ‘metaphysics’ as unscientifi phy of science, would, 
vi y ii ji scientific and woul w it to 
have any influence on science Proper. ld not allow i 
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according to the methodology of scientific research programmes, no 
accepted basic statement alone entitles the scientist to reject a theory. 
Such a clash may present a problem (major or minor), but in no circum- 
stance a ‘victory’. Nature may shout no, but human ingenuity—contrary 
to Weyl and Popper [40, sec. 85]—may always be able to shout louder. 
With sufficient resourcefulness and some luck, any theory can be de- 
fended ‘progressively’ for a long time, even if it is false. The Popperian 
pattern of ‘conjectures and refutations’, that is the pattern of trial-by- 
hypothesis followed by error-shown-by-experiment, is to be abandoned: 
no experiment is crucial at the time—let alone before—it is performed 
(except, possibly, psychologically). 

It should be pointed out, however, that the methodology of scientific 
research programmes has more teeth than Duhem’s conventionalism: 
instead of leaving it to Duhem’s unarticulated common sense to judge 
when a ‘framework’ is to be abandoned [cf. 47, II. vi. 10], I inject some 
hard Popperian elements into the appraisal of whether a programme 
Progresses or degenerates or of whether one is overtaking another. That 
is, I give criteria of progress and stagnation within a programme and also 
tules for the ‘elimination’ of whole research programmes. A research 
programme is said to be progressing as long as its theoretical growth 
anticipates its empirical growth, that is as long as it keeps predicting 
novel facts with some success (‘progressive problemshift’);it is stagnating 
if its theoretical growth lags behind its empirical growth, that is, as long 
as it gives only post hoc explanations either of chance discoveries or of 
facts anticipated by, and discovered in, a rival programme (‘degenerating 
Problemshift’).?” If a research programme progressively explains more 
than a rival, it ‘supersedes’ it, and the rival can be eliminated (or, if you 


wish, ‘shelved’).?8 


{orm ne integral part of the ponte as 
Ypotheses are provided by the linguistic Pr ons € ences, i 
the eonvantiannils stratagems [48] like ‘monsterbarring’, ‘excep: 
tionbarring’, ‘monsteradjustment”, e 
is provided by the Lorentz-litzgera 
a hoc, hypothesis is Planck’s first Con n at 
also cf. 51, i, p. 79 ff). Some of the canci 
‘sciences’ cana of pe of such aa hoca pipers as shown by Meehl 
and Lykken. (I erences, cf. [50, p- 176, n. 1])- 
28 The nite fer programmes Is, of course, a protiacted Proses 
during which it is rational to work in either (or, if one can, in both). The latter 
Pattern becomes important, for instance, when one of the rival programmes is 
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(Within a research programme a theory can only be eleminated by a 
better theory, that is, by one which has excess empirical content over 
its predecessors, some of which is subsequently confirmed. And for this 
replacement of one theory by a better one, the first theory does not even 
have to be ‘falsified’ in Popper’s sense of the term. Thus, progress is 
marked by instances verifying excess content rather than by falsifying 
instances [50, pp. 122-3]; empirical ‘falsification’ and actual ‘rejection’ 
become independent. Before a theory has been modified we can never 
know in what way it had been ‘refuted’, and some of the most interesting 
modifications are motivated by the ‘positive heuristic’ of the research 
programme rather than by anomalies. This difference alone has important 
consequences and leads to a rational reconstruction of scientific change 
very different from that of Popper’s.2°) 

It is very difficult to decide, especially since one must not demand 
progress at each single step, when a research programme has degenerated 
hopelessly or when one of two rival programmes has achieved a decisive 
advantage over the other. In this methodology, as in Duhem’s conven- 
tionalism, there can be no instant—let alone mechanical—rationality. 
Neither the logician’s proof of inconsistency nor the experimental scien- 
tist’s verdict of anomaly can defeat a research Programme in one blow. 
One can be ‘wise’ only after the event.2° 

In this code of scientific honour modesty plays a greater role than in 
other codes. One must realise that one’s opponent, even if lagging badly 
behind, may still stage a comeback. No advantage for one side can ever be 
regarded as absolutely conclusive. There is never anything inevitable about 
the triumph of a programme. Also, there is never anything inevitable 


p it in a sharper form in order to show up 
n vortex theory in order to show that it 
ultaneous work on rival programmes, of 
e Psychological incommensurability of rival 
paradigms.) 

The progress of one Programme is a vital factor in the degeneration of its rival. 
If programme P, constantly produces ‘novel facts’ these, by definition, will be 
anomalies for the rival programme P,. If P, accounts for these novel facts only in 


an ad hoc way, it is degenerating by definition. Thus th es, the 
more difficult it is for P, to roar SSO LENSES 


29 For instance, a rival theory, which acts as an exi 
perian falsification of a theory, here becom 
Feyerabend’s) reconstruction such a theor 
under test, can be removed from the rational reconstruction; in my reconstruction 
it hasto stay within the internal history lest the falsification be undone (Cf. above, 
n. 22). 

Another important consequence is the difference between Popper’s discussion 
of the Duhem-Quine argument and mine; cf. on the one hand Popper’s [40, last 


para. sec. 18, and sec. 19, n. 1], [43, pp. 131-3 and [44, p.112,n. 26, pp. 238-9 
and 243] ; and on the other hand [50, pp. igadi 5 [p E 6IDe 


3 For the falsificationist this is a repulsive idea; cf. e.g. Agassi 154], pp. 48 ff. 


ternal catalyst for the Pop- 
es an internal factor. In Popper’s (and 
Y, after the falsification of the theory 
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about its defeat. Thus pigheadedness, like modesty, has more ‘rational’ 
scope. The scores of the rival sides, however, must be recorded?" and 
publicly displayed at all times. 

(We should here at least refer to the main epistemological problem 
of the methodology of scientific research programmes. As it stands, like 
Popper’s methodological falsificationism, it represents a very radical ver- 
sion of conventionalism. One needs to posit some extra-methodological 
inductive principle to relate—even if tenuously—the scientific gambit of 
pragmatic acceptances and rejections to verisimilitude.** Only such an 
‘inductive principle’ can turn science from a mere game into an epistem- 
ologically rational exercise; from a set of lighthearted sceptical gambits 
pursued for intellectual fun into a—more serious—fallibilist venture of 
approximating the Truth about the Universe [cf. 51, II, pp. 121-2].) 

The methodology of scientific research programmes constitutes, like 
any other methodology, a historiographical research programme. The 
historian who accepts this methodology as a guide will look in history 
for rival research programmes, for progressive and degenerating problem- 
shifts. Where the Duhemian historian sees a revolution merely in sim- 
plicity (like that of Copernicus), he will look for a large scale progressive 
programme overtaking a degenerating one. When the falsificationist sees 
a crucial negative experiment, he will ‘predict’ that there was none, that 
behind any alleged crucial experiment, behind any alleged single battle 
between theory and experiment, there is a hidden war of attrition be- 
tween two research programmes. The outcome of the war is only later 
linked in the falsificationist reconstruction with some alleged single 


‘crucial experiment’. i 
The methodology of research programmes—like any other theory of 


scientific rationality—must be supplemented by empirical-external 
history, No rationality theory will ever solve problems like why Mendelian 
genetics disappeared in Soviet Russia in the 1950s, or why certain schools 
of research into genetic racial differences OF into the economics of foreign 
aid came into disrepute in the Anglo-Saxon countries in the 1960s. More- 
Over, to explain different speeds of development of different research 
programmes we may need to invoke external history. Rational recon- 


struction of science (in the sense in which I use the term) cannot be 


comprehensive since human beings are not completely rational animals; 


and even when they act rationally they may have a false theory of their 


Own rational actions. 


But the methodology of research p 
ala deny that even thisis a possibility ; cf. [49 and 67]. 
Ba i eyerabend.scoms AE in Popper’s technical sense, as the difference be- 

tween the truth content and falsity content of a theory. Cf. his [44, ch. 10]. 


rogrammes draws a demarcation 
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between internal and external history which is markedly different from 
that drawn by other rationality theories. For instance, what for the 
falsificationist looks like the (regrettably frequent) phenomenon of 
irrational adherence to a ‘refuted’ or to aninconsistent theory and which 
he therefore relegates to external history, may well be explained in 
terms of my methodology internally as a rational defence of a promising 
research programme. Or, the successful predictions of novel facts which 
constitute serious evidence for a research programme and therefore vital 
parts of internal history, are irrelevant both for the inductivist and for 
the falsificationist.*° For the inductivist and the falsificationist it does 
not really matter whether the discovery of a fact preceded or followed 
a theory: only their logical relation is decisive. The ‘irrational’ impact 
of the historical coincidence, that a theory happened to have anticipated 
a factual discovery, has no internal significance. Such anticipations con- 
stitute ‘not proof but [mere] propaganda’.** Or again, take Planck’s dis- 
content with his own 1900 radiation formula, which he regarded as 
‘arbitrary’. For the falsificationist the formula was a bold, falsifiable 
hypothesis and Planck’s dislike of it a non-rational mood, explicable 
only in terms of psychology. However, in my view, Planck’s discontent 
can be explained internally: it was a rational condemnation of ‘ad hoc3’ 
theory (cf. above, n. 27). To mention yet another example: for falsifi- 
cationism irrefutable ‘metaphysics’ is an external intellectual influence, 
in my approach it is a vital part of the rational reconstruction of science. 

Most historians have hitherto tended to regard the solution of some 


problems as being the monopoly of externalists. One of these is the 
problem of the high 


problem vulgar-Marxis 


many people at the same time, once a social need for its arises.3° Now 
what constitutes a ‘di 


simultaneously. For the falsificati 


*° The reader should remember that in thi i i ifica- 
ionini cf abore nok at in this paper I discuss only naive falsifica 
% This is Kuhn’s comment on Galileo’s succ icti 
0 n essful prediction of the phases of 
Venus [2, p. 224]. Like Mill and Keynes before him, Kuhn cannot tinderstand 
Ty and evidence should count, and he cannot see 
ere eas predicted the phases of Venus, while 
i; Post hoc adjustments. i es 
not see the importance of the fact, he does not A madeed, heh TE 
Position and an interesting critical discussion cf. 


Polanyi M., The Logic of Libert Li : 
Bat hie ee f Y (London: Routledge and Kegan Paul, 1951), 
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oo invented), it becomes public property; and nothing is more 
dated than that several people will test it simultaneously and make, 
wE neously, (minor) factual discoveries. Also, a published theory is 
For ¢ enge to devise higher-level, independently testable explanations. 
oes given Kepler's ellipses and Galileo’s rudimentary dynamics, 
z scat discovery of an inverse square law is not so very surprising: 
pate spr cme being public, simultaneous solutions can be explained 
ea rel Pa grounds. The discovery of a new problem, however, 
ae yot e so readily explicable. If one thinks of the history of science 
ee of rival research programmes, then most simultaneous dis- 
a st theoretical or factual, are explained by the fact that research 
ae ammes being public property, many people work on them in differ- 
= orners of the world, possibly not knowing of each other. However, 
a novel, major, revolutionary developments are rarely invented 
pe aneously. Some alleged simultaneous discoveries of novel pro- 
fal mes are seen as having been simultaneous discoveries only with 
false hindsight: in fact they are different discoveries, merged only later 
into a single one.*° 

A favourite hunting ground of ex 
se em of why so much importance is 
fea one. disputes. This can be explained only externally by the 
i ctivist, the naive falsificationist, or the conventionalist; but in the 
ight of the methodology of research programmes some priority disputes 


are vital internal problems, since in this methodology it becomes all- 


important for rational appraisal which programme was first in anticipat- 
ly later. Some 


ing a novel fact and which fitted in the by now old fact on 
Pee disputes can be explained by rational interest and not simply 
T vanity and greed for fame. It then becomes important that Tychonian 
ai for instance, succeeded in explaining—only post hoc—the ob- 
aed phases of, and the distance to, Venus which were originally pre- 
isely anticipated by Copernicans (cf. above, n. 34) or that Cartesians 
managed to explain everything that the Newtonians predicted—but only 
a hoc. Newtonian optical theory explained post hoc many phenomena 
which were anticipated and first observed by Huyghensians. 
simul by Elkana, for the case of the so-called 
“Multaneous discovery of the conservation of energy Y. Elkana, ‘The conserva- 
d'Histoi discovery ?’, Archives internationales 
stoire des Sciences, 24 (1971), pP- 31-60.) ; 
—as Alan Musgrave pointed out to 
refore an anomaly 


ternalists has been the related 
attached to—and energy spent 


ti § 
Heese [84], [85], [86]). According to Merton ‘scie 
i T or the poorer for having credit given where cre 


instituti : 
itution of science and individua! 
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to be explained in terms of external history. 


Note. The methodology of research Programmes was criticized rog 
by Feyerabend and by Kuhn. According to Kuhn: ‘[Lakatos] mus! 


he demanded that I specify, for 
adherence to a programme ought to 


Let me try to explain why such 


Programmes) by ad 
» too should refuse 


failures to allocate credit justly’ [84, p. 648]. But Merto, 
important cases (like in some of Galileo’s priority fights) the, 
than institutional interests: the problem was whether 
Programme was progressive or not. (Of Course, not al 


Vverdoes his point: in 

re was more at stake 

U priority qectmican research 

tific relevance. For instance, the Priority dispute between 4 dames ae 

about who was first to discover Neptune had no such relevance: whoever discovered 

it, the discovery strengthened the same (Newtonian) Programme. ese eee 
Merton’s external explanation may well be true. 

38I do, of course, not claim that such decisions are Necessarily uncontroversial. 

In such decisions one has also to use one’s common sense. Common sense (that is, 
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eee i eA also answer Musgrave’s objection by separating 
ating and irrational (or honest and dishonest) adherence to a degener- 
E e Eam They also throw further light on the demarcation be- 
eei arterna, and external history. They show that internal history is 
E, icient for the presentation of the history of disembodied science, 
a ing degenerating problemshifts. External history explains why 
a people have false beliefs about scientific progress, and how their 
ientific activity may be influenced by such beliefs. 


(e) Internal and external history 


Four theories of the rationality of scientific 
tific discovery—have been briefly discussed. 
them provides a theoretical framework for th 
of the history of science. 

Thus the internal history of inductivists consists of alleged discoveries 
of hard facts and of so-called inductive generalizations. The internal 
history of conventionalists consists of factual discoveries and of the erec- 
tion of pigeonhole systems and their replacement by allegedly simpler 
ones,*? The internal history of falsificationists dramatizes bold conjec- 
tures, improvements which are said to be always content-increasing and, 
above all, triumphant ‘negative crucial experiments’. The methodology of 
research programmes, finally, emphasizes long-extended theoretical and 
empirical rivalry of major research programmes, progressive and degener- 
ating problemshifts, and the slowly emerging victory of one programme 


Over the other. 

Each rational reconstruction produces some characteristic pattern 
of rational growth of scientific knowledge. But all of these normative 
t made according to mechanical rules but 


e some Spielraum) plays a role in all 
he Duhemian conventionalist needs 


progress—or logics of scien- 
It was shown how each of 
e rational reconstruction 


judgment in particular cases which is no 
only follows general principles which leavı 
tands of non-mechanical met 


a basic statement is to 
to be directed. 


s a blank cheque to ‘com 
he jury of common sense to agree on com- 


Parative simplicity; the Po directs the jury to look out primarily for, 
and ribet ee ie statements which clash with accepted theories. My 
judge directs the jury to agree on appraisals of progressive and degenerating research 
Programmes. But, for example, there may be conflicting views about whether an 
accepted basic statement expresses a novel fact or not. Cf. [50, p.70]. 

Although it is important to reach agreement on such verdicts, there must also 
be the possibility of appeal. In such appeals inarticulated common sense is question- 
ed, articulated and criticized. (The criticism may even turn from a criticism of law 
interpretation into a criticism of the law itself) P 

39 Most conventionalists have also an intermediate inductive layer of ‘laws’ be- 
tween facts and theories; cf- above, no. 14. 


Duhem nor Popper give ‘ 
guidance, The Duhemian judge directs t 
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reconstructions may have to be supplemented by empirical external 
theories to explain the residual non-rational factors. The history of 
science is always richer than its tational reconstruction. But rational re- 
construction or internal history is primary, external history only second- 
ary, since the most important problems of external history are defined 
by internal history. External history either provides non-rational expla- 
nation of the speed, locality, selectiveness, etc. of historic events as 
interpreted in terms of internal history; or, when history differs from its 
rational reconstruction, it Provides an empirical explanation of why it 
differs. But the rational aspect of scientific growth is fully accounted for 
by one’s logic of scientific discovery, 


knowledge, that is, the relevant section of ‘internal history’. As it has been 
shown, what constitutes for him internal history, depends on his philos- 


4° (Lakatos used Prout as an example in [50, pp. 1384 3 H a 
gramme’ starting from 1815 tried to show that all sialic eng ene 
multiples of the weight of hydrogen. See article VI below, p, 140-41 —Editor) 

41 The proposition ‘the Proutian programme was carried through’ looks like a 
‘factual’ proposition. Bat thers are no ‘factual’ Propositi igh’ loi 
into ordinary language from dogmatic empiricism. Scientific « > iti 
are theory-laden: the theories involved are ‘observational que /astual’ propositions 


i ‘factual’ nA 
Proutian programme was carried through’, two methodological thocio Position, ‘the 
First, the theory that the units of scientific appraisal are research pro; Sammes; 
secondly, some specific theory of how to judge whether a Programme was ‘in thet! 
carried through. For all these considerations a Popperian internal historian will not 
need to take any interest whatsoever in the persons involved, or in their beliefs 
about their own activities. 
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se He this historical fact as a fact in the second world which is only 
E E its counterpart in the third world.*? Why such caricatures 
R ut is none of his business; he might—in a footnote —pass on to 

externalist the problem of why certain scientists had ‘false beliefs’ 


about what they were doing.” 

ee in constructing internal history the historian will be highly 

ee ne he will omit everything that is irrational in the light of his 

A fuk ity theory. But this normative selection still does not add up to 
y fledged rational reconstruction. For instance, Prout never articu- 


la ‘ i s 
ted the ‘Proutian programme’: the Proutian programme is not Prout’s 


Programme. It is not only the (‘internal’) success or the ( internal’) defeat 
h hindsight: it is frequently 


A > programme which can be judged only wit 
a its content. Internal history is not just a selection of methodologi- 
a interpreted facts: it may be, on occasions, their radically improved 
he. One may illustrate this using the Bohrian programme. Bohr, in 
adie may not have even thought of the possibility of electron spin. He 
hist more than enough on his hands without the spin. Nevertheless, the 
orian, describing with hindsight the Bohrian programme, should in- 
ude electron spin in it, since electron spin fits naturally in the original 
Outline of the programme. Bohr might have referred to it in 1913. Why 
Bohr did not do so, is an interesting problem which deserves to be indi- 
cated in a footnote.” (Such problems might then be solved either intern- 


ally by pointing to rational reasons in the growth of objective, impersonal 
to psychological causes in the 


knowledge; or externally by pointing 
development of Bohr’s personal beliefs.) 

One way to indicate discrepancies between history and its rational 
reconstruction is to relate the internal history in the text, and indicate 
in the footnotes how actual history ‘misbehaved’ in the light of its 


rational reconstruction.*° 
42 The ‘first world’ is that of matter, the ‘second” the world of feelings, beliefs, 
Consciousness, the ‘third’ the world of objective knowledge, articulated in propos- 
itions. This is an age-old and vitally important trichotomy; its leading contempor- 
ary proponent is Popper [45; ch- 34l- ac s l 
43 OF course what, in this context constitutes ‘false belief” (or ‘false conscious- 
ness’), depends on the rationality theory of the critic. But no rationality theory can 
ever succeed in leading to ‘true consciousness - 
“4 If the i plication of Bohr’s programme had been delayed by a few years, 
further speculation might even have led to the spin problem without the previous 
observation of the anomalous Zeeman Bican ees Compton raised the problem 
in the context of the Bohrian programme in 1912. AA 
ad, first Tpeled this expositional device in [48]; I used it again in giving a de- 
tailed account of the Proutian and the Bohrian programmes, cf. above, no.40. This 
practice was criticized at the 1969 Minneapolis conference by some historians. 
MeMullin, for instance, claimed that this presentation may illuminate a method- 
, = L history: the text tells the reader what ought to have 


ol ly not rea d 
28 ou ad. the footnotes what in fact happened (cf. McMullin [29]. Kuhn’s 
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s ru S; 
Many historians will abhor the idea of any rational E r by 
They will quote Lord Bolingbroke: ‘History is philosop ti a lot more 
example.’ They will say that before Philosophizing ‘we = F utopianá 
examples’. But such an inductivist theory of historiograp y e historians 
History without some theoretical ‘bias’ is impossible." Som others for 
look for the discovery of hard facts, inductive eee eat site 
bold theories and crucial negative experiments, yet others ee all of 
Plifications, or for Progressive and degenerating problem i obscured 
them have some theoretical ‘bias’. This bias, of course, may be ion: but 
by an eclectic variation of theories or by theoretical Sni utlook. 
neither eclecticism nor confusion amounts to an atheoretical o 


A t guide 
What a historian regards as an external Problem is often an excellent g 
to his implicit methodolo 


theory’ was discovered ex: 


à opu- 
others will ask why a ‘degenerating Problemshift’ could have wider pop 
lar acclaim ove incredib] 


ce O 
e problem of whether, and if so why, the emergen 


t it 
sentially on the same lines: he thought that is 
ical ex rian would not cee al 
if he ofte tich he knows to be talon 7 hs had done so, he Wer 
be so sensitive to the offence that he could not conceivably compose a foo 

g attention to it.” (Cf. [49, P. 256].) 


46 Cf. L. Pearce Williams in 149]. 
kii Perhaps I should emphasize the di 


experiments’, and even ‘Progressive and degenerating research 
Programmes’ may be Tegarded as ‘hard historical f: hasize 
lographers. One of the wea nase Of Agassi [54] is that he omitted to emp! 
this distinction between Scientific and historiographical inductivism. 
48 Cf. Popper [43, sec. 31]. phe 
*° This thesis implies that the work of those ‘externalists” (mostly trendy ae 
logists of science’) who claim to do Social history of some scientific discipline au a 
out having mastered the discipline itself, and its internal history, is wort! - 
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definition of science is bound to enter. History of science is a history of 
events which are selected and interpreted in a normative way.°° This being 
50, the hitherto neglected problem of appraising rival logics of scientific 
discovery and, hence, rival reconstructions of history, acquires para- 
mount importance. 


hi 5° Unfortunately there is only one single word in most languages to denote 
pens (the set of historical events) and history, (a set of historical propositions). 
ny history, is a theory- and value-laden reconstruction of history, - 


‘Critical comparison of methodologies: history 


(The paper continues with part 2, 
-38]. 


asa test of its rational reconstruction’ [51, i, pp. 121 
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THE PROBLEM OF READING LAKATOS 
IMRE Lakatos hoped that he wo 
Logic 


Tests can hardly avoid 


Y addressing 


OPhy of Science? in British 
Pp. 381-419. By ermission 


i isi k ’s Philos 
ts with revisions from Imre Lakatos’s 
a the Philosophy of Science, 30, 1979, 
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both, fail to make plain what is being said to either. On the one shoulder 
is a thoroughly Hegelian and somewhat Hungarian conception of the 
events of modern philosophy, a body of historical conceptions that 
Lakatos takes for granted, hardly stating them. On the other shoulder 
are the English, whose scientific values are just what Lakatos wants, no 
matter how ignorant and insular the philosophy that runs alongside them. 

For example, modern English philosophy is wedded to a conception 
of truth as a representation of reality. To this it has annexed various 
values of objectivity, communication and adversary discussion. Lakatos 
would like to authorise those values without having the philosophy associ- 
ated with them. On his Central European side, representational theories 
of truth were put to an end by Kant. The only postcritical English phil- 
osopher for whom Lakatos consistently had a good word is the nine- 
teenth century philosopher of science, William Whewell. That furnishes 
a useful comparison. Whewell had both mastered Kant and become per- 
meated byhistoricism, yet tried to maintain what ina commonplace wayis 
right about the inductive sciences. ‘The Fundamental Antithesis of Philos- 
ophy’, wrote Whewell, is indicated by “the terms subjective and objective’ 
[46, I, p. 29]. Lakatos’s problem is to provide a theory of objectivity 


without a representational theory of truth. 


THE GROWTH OF KNOWLEDGE 


The one fixed point in Lakatos’s endeavour is the simple fact that know- 
ledge does grow. Upon this he tries to build his philosophy without any 
Tepresentationalism, starting from the fact that one can see that know- 
ledge grows whatever we think about ‘truth’ or ‘reality’. Four related 
aspects of this fact are to be noticed. 
First, one can see by direct inspection that knowledge has grown. This 

is not a lesson to be taught by general philosophy or history but by 
detailed reading of specific sequences of texts. Read the material that 
lies behind [48], that is, read the mathematical work stemming from 
Euler’s conjecture about polyhedra. There is no doubt that more is 
known now than was grasped by the genius of Euler. Or to take an 
example from the methodology of research programmes paper: it is 
equally manifest that after the work of Rutherford and Soddy and the 
discovery of isotopes, vastly more was known about atomic weights than 
f toilers after Prout had hypothesised 


had been dreamt of by a century © 
ff of the universe, and that atomic weights 


in 1815 that hydrogen isthe stu at aton 
are integral multiples of that of hydrogen. I state this trivial point to 


remind ourselves that there is a trivial point which is the starting point 
of Lakatos’s work. The point is not that there is knowledge but that 
there is growth; we know more about polyhedra or atomic weights than 
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we once did, even if future times plunge us into quite new, expanded 
reconceptualisiations of those domains. 

Secondly, there is no arguing that certain cases exhibit the growth of 
knowledge. What is needed is an analysis that will say in what this growth 
consists, and tell us what else is growth and what is not. Perhaps there 
are people who think that the development from Euler or the discovery 
of isotopes is no growth, but they are not to be argued with. They are 
likely idle and have never read the texts that exhibit the growth (or per- 
haps they think that we claim there is certain knowledge here, and not 
merely growth of knowledge). 

Thirdly, the growth of knowledge will provide a demarcation between 
‘rational’ activity and ‘irrationalism’. Lakatos tries to foist on usa radical 
change in the conception of rationality; for the present, note the shift 


demarcation between ‘tational’ knowledge 
ality’. My fourth point is that the prec 
internal considerations about the histo 


“growing activity and ‘irration- 
eding three are conducted by 
Ty of knowledge, and do not 
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OBJECTIVITY AND SUBJECTIVISM 


Kant undid the notion that for a proposition to be true it must represent 
something else. He thereby epitomised the birth of a new problem that 
gnarled its way through nineteenth century philosophy: how are we to 
distinguish the objective from the merely subjective, if we are not allowed 
to say what objective truth represents? As implied by Whewell’s ‘Funda- 
mental Antithesis’, objectivism and subjectivism form the problematic 
of more modern times. The objectivist is not against truth and reality, 
but requires some surrogate that preserves their values without their pre- 
critical naiveté. 

Two philosophers of a century ago, Friedrich Nietzsche and C. S. 
Peirce, conveniently illustrate this nexus. The former writer tells how the 
true world became a fable. An aphorism in Twilight of the Idols (Bacon’s 
‘idols’!) starts from Plato’s ‘true-world—attainable for the sage, the pious, 
the virutous man’. We arrive, with Kant, at something ‘elusive, pale, 
Nordic, Kénigsbergian’. Then comes Zarathrustra’s strange semblance 
of subjectivism. But that is not the only postcritical route. Peirce tried 
to replace truth by method. Truth is whatever is in the end delivered 
to the community of enquirers who pursue a certain end in a certain way. 
Various aspects of Peirce’s philosophy, especially the fallibilism and the 
evolutionary epistemology, have by now amply been compared to Popper. 
But the greater novelties in Peirce’s thought are seldom recalled: the idea 
that man is language, that the world is not deterministic, and that there 
is an objective surrogate for truth to be found in methodology . Habermas 
has given perhaps the best critique of the last of these three because it is 
important for him to show that positive science has no substitute for 
truth, and ‘hence’ no unique claim on us [88, ch. 4]. I take Lakatos’s 
methodology to be a sophisticated and historicised version of Peirce’s 
logic of inquiry. This is not, of course, to attribute to Peirce Lakatos’s 
novelties of internal history, research programmes, heuristic and so forth. 
But both writers share the post-Kantian aim of replacing representation 


by methodology. 
METHODOLOGY 


‘Methodology’ means the science of method. One expects it to give advice 
about what methods to employ to achieve some end. It should be a for- 
ward-looking classification of techniques, studying choice between 
competing procedures and courses of action for the future. Sometimes 
Lakatos does use the word in this, its proper sense. His methodology of 
research programmes teaches that ‘one must treat budding programmes 
leniently; programmes may take decades before they get off the ground 
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and become empirically progressive’ [51, i, p. 6]. That is agreeable gener- 
osity and open-mindedness but not news. Lakatos also seems to use the 
word ‘methodology’ as the name of his philosophy of science, where the 
literal methodology I have quoted is only a corollary. What he names 


» inductively’ guessing that a long-standing progressive pro- 


gramme will go on Progressing. The methodology is simply backward- 
looking. 


Lakatos shifts ‘methodology’ but he t 2 j 
from common acceptation. It may be difficult to absorb how radical his 


iled, and one was 


by polishing rice, Manson had it that there 
died in the polished rice, and they were the 
hypotheses are constantly closing in and excluding 

by peculiar devices, while the progressive programme ise 
examples with strong new predictions, some of which t 
one can only tell what is progressive and what degenerati 


counterexamples 
Ponds to the new 
urn out right. But 
ng after the event. 
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I am not now quarrelling with this notion of retroactive rationality. I 
think it makes good sense of matters unintelligible to other accounts. One 
example is the undoubted fact, which few have dared to accentuate 
before Lakatos, that ‘most theories are born refuted’. So even consistency 
with known facts is no good guide for future use of a theory. A more 
familiar point is furnished by crucial experiments. Many scholars now 
agree that experiments may appear crucial in retrospect but seldom are 
so at the time of their performance. Lakatos says that one theory succeeds 
over another only after a prolonged period of progression opposed to 
degeneration; a crucial experiment signals the beginning of the end, but 
can be seen to have done so only later. 

Lakatos also makes at least some sense of an otherwise unintelligble 
old debate. Many practicing scientists are immensely impressed when a 
theory predicts phenomena before the theory. A strong band of philos- 
ophers, including Mill and Keynes, has insisted that this is an illusion. 
What matters to a theory, they say, is its ability to account for the facts, 
and it does not matter whether the facts were discovered before or after 
the theory. Lakatos sides with Whewell against Mill, but he does not give 
reasons. Rather he makes it true by definition that what matters to a 
theory is its ability to predict new facts. For that is what he comes to 
mean by ‘progressive’, namely ‘the Leibniz-Whewell-Popper requirement 
that the—well-planned—building of pigeon holes must proceed faster than 
the recording of facts to be housed in them’ [50, p. 188]. 

‘As long as this requirement is met,’ he continues, ‘it does not matter 
whether we stress the “instrumental” aspect of imaginative research 
programmes . . . or whether we stress the putative’ approach to truth. 
Thus he thinks his account combines the best elements of ‘voluntarism, 
pragmatism and the realist theories of empirical growth’. This may be 
misleading, for it suggests he is filtering out the desirable elements of 
various pools of wisdom. In fact these are the words of someone who 
takes the disputes between realist and idealist to be empty. 


APPRAISING SCIENTIFIC THEORIES 


Lakatos is concerned with the demarcation of science. His methodology 
in that it may say, of some past episode in science, that it 
hat way. But his philosophy provides no forward- 
looking assessments of present competing scientific theories. There are 
at most a few pointers to be derived from his ‘methodology’. He says 
that we should be modest in our hopes for our own projects because rival 
mes may turn out to have the last word. There is a place for 
one’s programme is going through a bad patch. The 
liferation of theories, leniency in evaluation, and 


is normative 
ought not to have gone t 


programr 
pig-headedness when 
mottos are to be pro 
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honest ‘score-keeping’ to see which programme is producing results and 
meeting new challenges. These are not so much real methodology as a 
list of the Supposedly ‘English’ values in science. 

If Lakatos were in the business of theory appraisal, then I should have 


Ppose that was never the point 
of the analysis which, I claim, has a more radical object. Of course I do 


not deny that Lakatos had a sharp tongue, strong opinions and little 
any entertaining observations about this or that 
but these acerbic asides were incidental to and 
ophy I attribute to him. 

Is it a defect in Lakatos’s methodology that it is only retroactive? I 


h ificant general laws about what, in a current 
bit of research, bodes well forthe future. Th 


should not confuse such creatures of bureaucracy with Lakatos’s attempt 
to understand the content of objective judgment in Science. 


HEURISTIC 
Whewell’s word ‘heuristic’ meaning the Ar É 
what we commonly mean by ‘methodology’, è RAER = ER 
alongside in Lakatos’s own work. Heuristic is a theory of finding out 
advice on ‘how to solve it’. In questions of heuristic Lakatos ae ant 
acknowledged disciple of his countryman Georg Polya and fare 
have hoped for a theory-neutral body of techniques of hea ee 
is something of this in Proofs and Refutations [48]. There we af tant 
that when a putative proof admits of counterexamples, we should not 
exclude the examples as monsters, thereby restri 


4 cting the domain of the 
theory. Instead we should try to find a ‘hidden lemma’ conce SER be u 


t of Discove 


LAKATOS’S PHILOSOPHY OF SCIENCE 135 


proof which will explain the existence of counterexamples. The best 
result is a new theorem that not only explains why there are counter- 
examples but also takes them in its stride as special cases of the theorem. 
Such a global revision of a theorem may even lead us to new classes of 
examples to which the proof applies. 

Notice how these features of mathematical heuristic are transferred 
to the methodology of research programmes. Procedures recommended 
for advance in mathematics become the mark of the progressive as op- 
posed to the degenerating programme. So what was heuristic now be- 
comes part of the backward-looking methodology and in Lakatos’s later 
work ‘heuristic’ ceases to refer to a theory-neutral collection of strategies. 
Instead each individual research programme is defined by two elements: 
the hard core of propositions deemed central to a theory, and an ac- 
companying ‘heuristic’ that details how this theory shall relate to its 
anomalies. 

Thus I see Lakatos’s attitude evolving as follows. Once there was to 
be methodology-heuristic, it was forward-looking, telling how to get on 
with the job, ‘how to solve it’. This split into two things. First and fore- 
most is methodology, a backward-looking way to characterise the essence 
of the growth of knowledge. In addition each research programme—each 
unit for assessment as growth of knowledge—has its own forward-looking 
‘heuristic’. But aside from a few unspecific maxims about proliferation 
of programmes, modesty and pigheadedness, there is no longer any heuris- 
tic of a general kind. The logic of justification and the logic of discovery 
have both been dumped in favour of a global theory of objectivity that 
takes in many local strategies for finding out about specific domains. 
Consideration of [48] helps one to see how this happened. Euler proved 
a relationship between the number of edges, vertices and faces on poly- 
hedra. Lakatos’s dialogue on this theorem is a philosophical and literary 
achievement of the stature of Hume on natural religion or Berkeley’s 
Hylas and Philonous. Now a fairly constant target in the dialogue is the 
‘Euclidean programme’ of making everything certain and infallible. We 
are told that in the end we can succeed in this, but in a strange way. 
Critical discussion can enable a conjecture to evolve into logical truth. 
In the beginning Euler’s theorem was false; in the end it is true because 
we have come to formulate a concept of polyhedron that makes it true. 
The theorem has been ‘analytified’. Yet making it true by convention 
was no matter of fiat but the product of refined analysis. This doctrine 
of analytification has unsettling consequences. The Platonist cannot 
welcome a view which makes the truth of the proposition in the end 
something embedded in the canons of mathematical language, where 
the Ideas are stripped of their dignity. They are no longer what makes 
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mathematics true, nor the subject matter of mathematics. Yet the nom- 
inalist is equally disconcerted, for even if we end up with truth by con- 
vention, the convention seems to be organising a ‘reality’ that has nothing 
to do with words. : 

Lakatos’s resolution of this tension is hinted at by the word ‘quasi- 
empirical’ used to indicate the interplay of generalisation and example 
which, Lakatos claims, is an essential part of mathematical activity. There 
is something empirical, at least this: the production of instructive in- 
stances. But the instances are not literally experiments. A picture of a 
star polyhedron might even press the point against Euler’s conjecture 
better than an actual star-polyhedron, whereas we do not think experi- 
mental evidence works like that. Yet the more Lakatos came to doubt 
the observation-theory distinction on the side of the physical sciences, 
the more tempting it was to compare natural science to mathematical 
activity. This is not to say the comparison is simple, for what makes, é.g., 
propositions of elementary arithmetic analogous to ‘basic statements?’ 
What distinguishes the examples of polyhedra that are vital counter- 
examples to an originally conjectured proof? The groped-for answer, I 
think, is ‘only methodology’ and in particular Lakatos’s own kind of 
progress, which in Proofs and Refutations was still ‘heuristic’, and which 
later provides the same kind of canon of objectivity as we find in the 
physical sciences. 


ALIENATION AND THE THIRD WORLD 


A first (but not necessarily important) question in the philosophy of 
mathematics is whether mathe: 


rences do appear more 


ed in favourable terms. 
It is already foreshadowed in a curious Hegelian Panegyric: 


Mathematical activity is human activity. Certain aspects of this activity 
—as of any human activity—can be studied by Psychology, others by 
history. Heuristic is not primarily interested in these aspects. But math- 
ematical activity produces mathematics. Mathematics, this Product of 
human activity, ‘alienates itself? from the human activity Which has been 
producing it. It becomes a living growing organism that acquires a certain 
autonomy from the activity which has produced it . . . [48, p. 146]. 
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We have here the seeds of what later became Lakatos’s redefinition of 
‘internal history’, the doctrine underlying his ‘rational reconstructions’ 
and also his attraction to Popper’s ‘third world’. One of the lessons is 
that mathematics might be both the product of human activity and 
autonomous, with its own internal characterisation of objectivity which 
can be analysed in terms of how mathematical knowledge has grown. 

Popper’s metaphor of a ‘third world’ may be puzzling but the basic 
idea is straightforward even for those who lack an Hegelian background. 
It it a variation of emergentism, an unjustly discredited doctrine of the 
nineteenth century. In Lakatos’s definition, ‘the “first world” is the 
physical world; the “second world” is the world of consciousness, of 
mental states and, in particular, of beliefs; the “third world” is the 
Platonic world of objective spirit, the world of ideas’ (above, p. 125). I 
prefer those texts of Popper’s where he says that the third world is a 
world of books and journals stored in libraries, of diagrams, tables and 
computer memories. To introduce Platonic spirit is massively confusing, 
for the third world has little to do with Plato or with Platonism; indeed 
the third world is better described in nominalistic terms of actual uttered 
sentences organised into theories, problems and the like. 

Stated as a list of three worlds we still have a mystery that makes 
some readers start discussing ‘ontology’. But stated as a sequence of three 
emerging kinds of entity with corresponding laws it is less baffling. First 
there was the physical world. When sentient and reflective beings emerged 
out of that physical world then there was also a second world whose 
descriptions could not be in any general way reduced to physical world 
descriptions. Although neither philosopher will enjoy the comparison, 
Davidson’s theory of mental events and Popper’s first and second world 
seem to me to ride very close to each other. Every mental event is the 
occurrence of physical events, but, type of event by type of event, there 
is no reduction of descriptions of one to descriptions of the other. 

Popper’s third world is more conjectural. His idea is that there is a 
domain of human knowledge which is subject to its own descriptions and 
laws and which cannot be reduced to second-world events (type by type) 
any more than second-world events can be reduced to first-world ones. 
Lakatos persists in the metaphorical expressionof this idea: ‘The products 
of human knowledge; propositions, theories, systems of theories, pro- 
blems, problemshifts, research programmes live and grow in the “third 
world”; the producers of knowledge live in the first and second worlds’ 
(51, ii, p- 109]. One need not be so metaphorical. It is a difficult but 
straightforward question whether there is an extensive and coherent 
body of description of ‘alienated’ and autonomous human knowledge 
that cannot be reduced to histories and psychologies of subjective beliefs, 
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A substantiated version of a ‘third world’ theory can provide just the 
domain for the content of mathematics. It admits that mathematics is a 
product of the human mind, and yet is also autonomous of anything 
peculiar to psychology. An extension of this theme is provided by 
Lakatos’s conception of ‘unpsychological’ history in article V reprinted 
above. 


INTERNAL HISTORY 


what is said. It is, in short, to be third-world history, the history of 
Hegelian alienated knowledge, the history of anonymous and autonomous 
research programmes. That poses a double question: whether there is 


ducible truth about the gr 
entism. As for the other qi 
histories, the answer is a cautious Yes’. 


tories bloom. There 1s no reason to accept Lakatos’s own maxim, that 
history of science without Philosophy of science is blind, (above, p. 107). 
At worst, to quote Kant rather than misparaphrase him, it is one-eyed.’ 


1 ‘Mere polyhistory is a cyclopean erudition that lack 

: 5 P îi : 4 
philosophy.’ Immanuel Kant in his Logic, quoted from tho S ‘by R- 
ae and W. Schwartz, Bobbs-Merrill: Indianapolis and New York, 1974, 
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Lakatos has no right to exclude various kinds of history, either by slang- 
ing it as ‘mob psychology’, ‘inductivism’ or what not, nor by his more 
common practice of sheer omission. The many histories teach us various 
things. The best of historians, when they do have philosophies, seem to 
have learned them from no philosopher. But by thesame token that makes 
us reject Lakatos’s dismissal of much history, we have to welcome his 
own use of the past. 

Unlike most writing of history Lakatos’s historiography has rules that 
are irritatingly simple to the trained historian. I shall describe them in 
my next section but first a remark on his idea of ‘internalism’. Internal 
history is a history of theory enunciated in sentences. Those sentences 
are comprised not only by the final research report, but also the tentative 
working out, the scribbles on Maxwell’s postcards, the notes in the 
journal of Lavoisier. The sentences include promulgations of what to do 
and why to doit. Theyinclude reactions to failure, confessions of reversal, 
crowings with success, although how these last are to be filed as ‘internal’ 
or ‘external’ is obscure. No matter how the selection procedure works, 
internal history remains the history of sentences and not (except figu- 
ratively) of thoughts or ideas. The good internal historian will not be the 
one who plucks a pretty idea from his cranium and smudges it down on 
the archives, claiming that was really what was going on. He will be the 
reader who can sieve out the decisive sentences in terms of which to 
construct generalisations that predict the occurrence of the rest of the 
sentences that comprise the internal history. Of course no one has ever 
succeeded in stating the right generalisations, but Lakatos did have some 
apparatus for getting on with thejob. That is what ‘hard core’, ‘heuristic’, 
‘monster-barring’, and the like are up to. He was also a master of the 
pointed quotation. Sometimes he abused this gift for polemical purposes 
but that is our payment for his extraordinary ability to single out sen- 
tences that make sense of the rest. As long as internal history of the kind 
urged by Lakatos remains a craft, the first condition of being an artisan 
is to be able to quote to precise effect. Thus this well known feature of 
Lakatos’s work is not an adventitious feature of his style, but a part of 


its nature. 
RATIONAL RECONSTRUCTION 


Lakatos has a problem, to characterise the growth of knowledge internal- 
ly by analysing examples of growth. There is a conjecture, that the unit of 
growth is the research programme (defined by hard core, protective belt, 
heuristic) and that research programmes are progressive or degenerating 
and, finally, that knowledge grows by the triumph of progressive pro- 
grammes over degenerating ones. To test this supposition we select an 
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example which must prima facie illustrate something that scientists have 
found out. Hence the example should be currently admired by scientists 
or people who think about the appropriate branch of knowledge, not 
because we kow-tow to orthodoxy but because workers in a given domain 
tend to have a better sense of what matters than laymen. Having chosen 
an example we should read all the texts we can lay hands on, covering a 
complete epoch spanned by the research programme, and the entire 
array of practitioners. 

Within what we read we must select the class of sentences that express 
what the workers of the day were trying to find out, and how they were 
trying to find it out. Discard what people felt about it, the moments of 
creative hype, even the motivation of their role models; discard not 
only sociopolitics but also prosipography and Polanyi’s ‘tacit’ world of 
presuppositions and sensibility that is supposed to underlie the sombre 
content of the science. Having settled on such an ‘internal? part of the 


data we can now attempt to organise the result into a story of Lakatosian 
research programmes. 


As in most enquiries an immediate fit between conjecture and articu- 
lated data is not to be expected. Three kinds of revision may improve 
the mesh between conjecture and selected data. First we may fiddle with 
the data analysis, secondly we may revise the conjecture, and thirdly we 
may conclude that our chosen case study does not, after all, exemplify 


he growth of knowledge. I shall discuss these three kinds of revision in 
order. 


research programme wallowing, 
s. Prout was a medical man and 


thought C1 was 36. In fact, Prout had so fudged the numbers that he 
got 36 and believed it (an interesting case in itself, for the fudging is 
so manifest in Prout’s brief paper). Lakatos’s point would have been 
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perfectly well served by the facts rather than his fiction, for many able 
analytical chemists, especially in Britain, did persist in Prout’s hypothesis 
after it was ‘known’ that C1 had to be about 35.5. It was unnecessary 
for Lakatos to spruce up the example by distorting the facts; my point 
is, however, that he was merely improving on an example, and not engag- 
ing in a rational reconstruction of the sort used to test his conjecture 
about research programmes. 

When Lakatos’s conjecture and the selected data do notfit, one should, 
just as in any other enquiry, first try to reanalyse the data. That does 
not mean lying. It may mean simply reconsidering or selecting and 
arranging the facts, or it may be a case of imposing a new research pro- 
gramme on the known historical facts. 

If the data and the Lakatosian conjecture cannot be reconciled, two 
options remain. First, the case history may itself be regarded as some- 
thing other than the growth of knowledge. Such a gambit could easily be- 
come monster-barring, but that is where the constraint of external history 
enters. He can always say that a particular incident in the history of 
science fails to fit his model because it is ‘irrational’, but he imposes on 
himself the demand that one should allow this only if one can say what 
the irrational or external causal element is. External elements may be 
political pressure, corrupted mores or, perhaps, sheer stupidity. Lakatos’s 
histories are normative in that he can conclude that a given chunk of 
research ‘ought not to have’ gone the way it did, and that it went that 
way through the interference of external factors not germane to the 
programme. In concluding that a chosen case was not ‘rational’ it is 
permissible to go against current scientific wisdom. But although in 
principle Lakatos can countenance this, he is properly moved by respect 
for the implicit appraisals of working scientists. I cannot see Lakatos 
willingly conceding that Einstein, Bohr, Lavoisier or even Copernicus 
Was participating in an irrational programme. Too much of the actual 
history of science’ would then become irrational [51, i, p. 172]. We 
have no standards to appeal to, in Lakatos’s programme, other than the 
history of knowledge as it stands. To declare it to be globally irrational 


is to abandon rationality. 

CATACLYSMS IN REASONING 
Lakatos tried to make the growth of knowledge a surrogate for a rep- 
resentational theory of truth. But there is a problem that already arises 


in the earlier attempts by C. S. Peirce along the same lines. Peirce defined 
truth as what is reached by an ideal end to scientific enquiry and thought 


that it is the task of methodology to characterise the principles of en- 
quiry. There is an obvious problem: what if enquiry should not converge 
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on anything? Peirce, who was as familiar in his day with talk of scientific 
revolutions as we are in ours, was determined that ‘cataclysms’ in know- 
ledge (as he called them) have not occurred. Theories have had their ups 
and downs, and some have been replaced by others, but this is all part 
of the self-correcting character of enquiry. Lakatos has exactly the same 
attitude as Peirce. He was determined to refute the doctrine that he 
attributed to Kuhn, that knowledge changes by irrational ‘conversions’ 
from one paradigm to another. 

I do not think that a correct reading of Kuhn gives quite the apoca- 
lyptic air of cultural relativism that Lakatos found there.2 A good many 
people now write as if Kuhn and Lakatos were telling parallel versions 
of a similar story, and this eclectic attitude may be welcomed. But there 
is a really deep worry underlying Lakatos’s antipathy to Kuhn’s work, 
and it must not be glossed over. It is connected with one of Feyerabend’s 
aperçus, that Lakatos’s accounts of scientific rationality at best fit the 
major achievements ‘of the last couple of hundred years’. 

A body of knowledge may break with the past in two distinguishable 
ways. By now we are all familiar with the possibility that new theories 
may completely replace the conceptual organisation of their predecessors. 
Lakatos’s story of progressive and degenerating programmes isa good stab 
at deciding when such replacements are ‘rational’. But all of Lakatos’s 
reasoning takes for granted what we may call the hypothetico-deductive 
model of reasoning. A much more radical break in knowledge occurs 
when an entirely new style of reasoning surfaces. The force of Feyera- 
bend’s gibe about ‘the last couple of hundred years’ is that Lakatos’s 
analysis is relevant not to timeless knowledge and timeless reason, but 
toa particular kind of knowledge produced by a particular style of reason- 
ing. That knowledge and that style have specific beginnings. So the 
Peircian fear of cataclysm becomes: might there not be further styles of 
reasoning which will produce yet a new kind of knowledge? Is not 
Lakatos’s surrogate for truth a local and recent phenomenon? 

I am stating a worry, not an argument. Feyerabend [67] makes sen- 
sational but implausible claims about different modes of reasoning and 


take the word ‘style’, writes of six distin ishable st ich 
is the statistical method).3 Now As ae a aia 


of a new style is a catacly 
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cumulative body of conceptual tools. These are matters which are only 
recently broached, and are utterly ill-understood. But they should make 
us chary of an account of reality and truth itself which starts from the 
growth of knowledge when the kind of growth described turns out to 
concern chiefly a particular knowledge achieved by a particular style of 
reasoning. 

To make the matter worse, I suspect that a style of reasoning may 
determine the very nature of the knowledge that it produces. The postu- 
lational method of the Greeks gave a geometry which long served as the 
philosopher’s model of knowledge. Lakatos inveighs against that domi- 
nation of the Euclidean mode. What future Lakatos will inveigh against 
the domination of the hypothetico-deductive mode and the theory of 
research programmes to which it has given birth? One of the most specific 
features of this mode is the postulation of theoretical entities which 
occur in high-level laws, and yet which have experimental consequences. 
This feature of successful science becomes endemic only at the end of 
the eighteenth century. Is it even possible that the questions of objec- 
tivity, asked for our times by Kant, are precisely the questions posed by 
this new knowledge? If so, then it is entirely fitting that Lakatos should 
try to answer those questions in terms of the knowledge of the past two 
centuries. But it would be wrong to suppose that we can get from this 
specific kind of growth to a theory of truth and reality. To take seriously 
the title of Lakatos’s proposed book, ‘the changing logic of scientific 
discovery’, is to take seriously the possibility that Lakatos has, like the 
Greeks, made the eternal verities depend on a mere episode in the 


history of human knowledge. 


VII 


A PROBLEM-SOLVING APPROACH TO 
SCIENTIFIC PROGRESS 


LARRY LAUDAN* 


DESIDERATA. Studies of the historical development of science have 
made it clear that any normative model of scientific rationality which is 
to have the resources to show that science has been largely a rational 
enterprise must come to terms with certain persistent features of scienti- 
fic change. To be specific, we may conclude from the existing historical 
evidence that: 

(1) Theory transitions are generally non-cumulative, i.e. neither the 
logical nor empirical content (nor even the ‘confirmed consequences’) of 
earlier theories is wholly preserved when those theories are supplanted 
by newer ones. 

(2) Theories are generally not rejected simply because they have 
anomalies nor are they generally accepted simply because they are empiri- 
cally confirmed. 

(3) Changes in, and debates about, scientific theories often turn on 
conceptual issues rather than on questions of empirical support. 

(4) The specific and ‘local’ principles of Scientific rationality which 
scientists utilize in evaluating theories are not permanently fixed, but 
have altered significantly through the course of science. 

(S) There is a broad Spectrum of cognitive stances which scientists 
take towards theories, including accepting, Tejecting, pursuing, enter- 
taining, etc. Any theory of rationality which discusses only the first two 
will be incapable of addressing itself to the vast majority of situations 
confronting scientists. 

(6) There is arange of levels of generality of scientific theories ranging 
from laws at the one end to broad conceptual frameworks at the other. 
Principles of testing, comparison, and evaluation of theories seem to 
vary significantly from level to level. 

(7) Given the notorious difficulties with notions of ‘approximate 
truth’—at both the semantic and epistemic levels—it is implausible that 
Copyright © 1981 Larry Laudan. By permission of the author. 
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characterizations of scientific progress which view evolution towards 
greater truthlikeness as the central aim of science will allow one to repres- 
ent science as a rational activity. 

(8) The co-existence of rival theories is the rule rather than the ex- 
ception, so that theory evaluation is primarily a comparative affair. 

The challenge to which this essay is addressed is whether there can 
be a normatively viable philosophy of science which finds a place for 
most or all of these features of science wie es eigentlich gewesen ist. 

The Aim of Science. To ask if scientific knowledge shows cognitive 
progress is to ask whether science through time brings us closer to achiev- 
ing our cognitive aims or goals. Depending upon our choice of cognitive 
aims, one and the same temporal sequence of theories may be progressive 
or non-progressive. Accordingly, the stipulative task of specifying the aims 
of science is more than an academic exercise. Throughout history, there 
has been a tendency to characterize the aims of science in terms of such 
transcendental properties as truth or apodictic certainty. So conceived, 
science emerges as non-progressive since we evidently have no way of 
ascertaining whether our theories are more truthlike or more nearly 
certain than they formerly were. We do not yet have a satisfactory 
semantic characterization of truthlikeness, let alone any epistemic 
account of when it would be legitimate to judge one theory to be more 
nearly true than another.’ Only by setting goals for science which are in 
principle achievable, and which are such that we can tell whether we are 
achieving (or moving closer to achieving) them, can we even hope to be 
able to make a positive claim about the progressive character of science. 
There are many non-transcendent immanent goals in terms of which we 
might attempt to characterize science; we could view science as aiming 
at well-tested theories, theories which predict novel facts, theories which 
‘save the phenomena’, or theories which have practical applications. My 
own proposal, more general than these, is that the aim of science is to 
secure theories with a high problem-solving effectiveness. From this per- 
spective, science progresses just in case successive theories solve more 
problems than their predecessors. À 

The merits of this proposal are twofold: (1) it captures much that 
has been implicit all along in discussions of the growth of science; and 
(2) it assumes a goal which (unlike truth) is not intrinsically transcend- 


ent and hence closed to epistemic access. The object of this essay is to 
spell out this proposal in some detail and to examine some of the 
nor ‘approximate truth’ have yet received a formally 
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consequences that a problem-solving model of scientific progress has for 
our understanding of the scientific enterprise.” 

Kinds of Problem-Solving: A Taxonomy. Despite the prevalent talk 
about problem-solving among scientists and philosophers, there is little 
agreement about what counts as a problem, what kinds of problems 
there are, and what constitutes a solution to a problem. To begin with, 
I suggest that we separate empirical from conceptual problems. 

At the empirical level, I distinguish between potential problems, solved 
problems, and anomalous problems. ‘Potential problems’ constitute what 
we take to be the case about the world, but for which there is as yet 
no explanation. ‘Solved’ or ‘actual’ problems are that class of putatively 
germane claims about the world which have been solved by some viable 
theory or other. ‘Anomalous problems’ are actual problems which rival 
theories solve but which are not solved by the theory in question. It is 
important to note that, according to this analysis, unsolved or potential 
problems need not be anomalies. A problem is only anomalous for some 
theory if that problem has been solved by a viable rival. Thus, a prima 
facie falsifying instance for a theory, T, may not be an anomalous prob- 
lem (specifically, when no other theory has solved it); and an instance 
which does not falsify T may none the less be anomalous for T (if T does 
not solve it and one of T’s rivals does.) 

In addition to empirical problems, theories may be confronted by 
conceptual problems. Such problems arise fora theory, T, in any of the 
following circumstances: 


(1) when T is internally inconsistent or the theoretical mechanisms 
it postulates are ambiguous; 


(2) when T makes assumptions about the world that run counter to 
other theories or to prevailing metaphysical assumptions, or when T 
makes claims about the world which cannot be warranted by prevailing 
epistemic and methodological doctrines; 


(3) when T violates principles of the research tradition of which it is 
a part (to be discussed below); 


(4) when T fails to utilize concepts from other, more general theories 
to which it should be logically subordinate. 


Conceptual problems, like anomalous empirical problems, indicate liabi- 


lities in our theories (ie. partial failures on their part to serve all the 
functions for which we have designed them). 


Running through much of the history of the Philosophy of science is 
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a tension between coherentist and correspondentist accounts of scientific 
knowledge. Coherentists stress the need for appropriate types of concep- 
tual linkages between our beliefs, while correspondentists emphasize the 
grounding of beliefs in the world. Each account typically makes only 
minimal concessions to the other. (Correspondentists, for instance, will 
usually grant that theories should minimally cohere in the sense of being 
consistent with our other beliefs.) Neither side however, has been willing 
to grant that a broad range of both empirical and conceptual checks are 
of equal importance in theory testing. The problem-solving model, on the 
other hand, explicitly acknowledges that both concerns are co-present. 
Empirical and conceptual problems represent respectively the correspon- 
dist and coherentist constraints which we place on our theories. The 
latter show up in the demand that conceptual difficulties (whose nature 
will be discussed below) should be minimized; the former are contained 
in the dual demands that a theory should solve a maximal number of 
empirical problems, while generating a minimal number of anomalies. 
Where most empiricist and pragmatic philosophers have assigned a sub- 
ordinate role to conceptual factors in theory appraisal (essentially allow- 
ing such factors to come into play only in the choice between theories 
Possessing equivalent empirical support), the problem-solving model 
argues that the elimination of conceptual difficulties is as much constitu- 
tive of progress as increasing empirical support. Indeed, on this model, 
it is possible that a change from an empirically well-supported theory to 
a less well-supported one could be progressive, provided that the latter 


resolved significant conceptual difficulties confronting the former. 


The centrality of conceptual concerns here represents a significant 


departure from earlier empiricist philosophers of science. Many types of 
conceptual difficulties that theories regularly confront have been given 
little or no role to play by these philosophers in their models of scientific 
change. Even those like Popper who have paid lip service to the heuristic 


role of metaphysics in science leave no scope for rational conflicts be- 
tween a theory and prevailing views about scientific methodology. This 
is because they have assumed that the meta-scientific evaluative criteria 


which scientists use for assessing theories are immutable and uncontro- 


versial. : x : A 
Why do most models of science fail at this central juncture? In asses- 
sing prior developments, they quite properly attend carefully to what 
d to his substantive beliefs about the 


evidence a former scientist had an e out t 
world, but they also assume without argument that earlier scientists 


adhered to our views about the rules of theory evaluation. Extensive 
scholarship on this matter makes it vividly clear that the views of the 
scientific community about how to test theories and about what counts 
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as evidence have changed dramatically through history. (Cf. my [57].) 
This should not be surprising, since we are as capable of learning more 
about how to do science as we are of learning more about how the world 
works. The fact that the evaluative strategies of scientists of earlier eras 
are different from our strategies makes it quixotic to suppose that we 
can assess the rationality of their science by ignoring completely their 
views about how theories should be evaluated. Short of invoking Hegel’s 
‘cunning of reason’ or Marx’s ‘false consciousness’, it is anachronistic to 
judge the rationality of the work of an Archimedes, a Newton, or an 
Einstein by asking whether it accords with the contemporary metho- 
dology of a Popper or a Lakatos. The views of former scientists about 
how theories should be evaluated must enter into judgements about how 
rational those scientists were in testing their theories in the ways that 
they did. The problem-solving model brings such factors into play through 
the inclusion of conceptual problems, one species of which arises when 
a theory conflicts with a Prevailing epistemology. Models of science 
which did not include a scientist’s theory of evidence in a rational account 
of his actions and beliefs are necessarily defective. 

I have talked of problems, but what of solutions? In the simplest 
Cases, a theory solves an empirical problem when it entails, along with 
appropriate initial and boundary conditions, a statement of the problem. 
A theory solves or eliminates a conceptual problem when it fails to exhi- 
bit a conceptual difficulty of its predecessor. It is important to note that, 
on this account, many different theories may solve the same (empirical 
or conceptual) problem. The worth of a theory will depend inter alia on 
how many problems it solves. Unlike most models of explanation which 


of the familiar paradoxes of confirmation are avoi 
tive demand that theories must minimize conceptu 


Progress without Cumulative Retention. Virtually all models of scien- 
tific Progress and rationality (with the exception of certain inductive 
wed) have insisted on wholesale retention 
of content or success in every progressive-theory transition. According 
to some well-known models, earlier theories are required to be contained 
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in, or limiting cases of, later theories; while in others, the empirical con- 
tent or confirmed consequences of earlier theories are required to be 
sub-sets of the content or consequence classes of the new theories. Such 
models are appealing in that they make theory choice straightforward. If 
a new theory can do everything its predecessor could and more besides, 
then the new theory is clearly superior. Unfortunately, history teaches 
us that theories rarely if ever stand in this relation to one another, and 
recent conceptual analysis even suggests that theories could not possibly 
exhibit such relations under normal circumstances.? 

What is required, if we are to rescue the notion of scientific progress, 
is a breaking of the link between cumulative retention and progress, so 
as to allow for the possibility of progress even when there are explana- 
tory losses as well as gains. Specifically, we must work out some machi- 
nery for setting off gains against losses. This is amuch more complicated 


affair than simple cumulative reten 
fully developed account of it. But the 
perceived. Cost-benefit analysis is a 
such a situation. Within a problem-so 
as follows: for every theory, assess 


empirical problems it is known to so 
weight of its empirical anomalies; finally, assess the number and central- 


ity of its conceptual difficulties or problems. Constructing appropriate 
scales, our principle of progress tells us to prefer that theory which 
comes closest to solving the largest number of important empirical prob- 
lems while generating the smallest number of significant anomalies and 
conceptual problems. ; 

Whether the details of such a model can be refined is still unclear. But 
the attractiveness of the general program should be obvious; for what it 
in principle allows us to do is to talk about rational and progressive 
theory change in the absence of cumulative retention of content. The 
technical obstacles confronting such an approach are, of course, enor- 
mous. It presumes that problems can be individuated and counted. How 
to do that is still not completely clear; but then every theory of empiri- 
cal support requires us to be able to identify and to individuate the con- 
firming and disconfirming instances which our os nE a 
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problematic is the idea of weighting the importance of the problems, 
solved and unsolved. I discuss some of the factors that influence weight- 
ing in Progress and Its Problems, but do not pretend to have more than 
the outlines of a satisfactory account. 

The Spectrum of Cognitive Modalities.Most methodologies of sciences 
have assumed that cognitive stands scientists adopt towards theories are 
exhausted by the oppositions between ‘belief? and ‘disbelief? or, more 
programmatically, ‘acceptance’ and ‘rejection’. Even a superficial scru- 
tiny of science reveals, however, that there is a much wider range of cog- 
nitive attitudes which should be included in our account. Many, if not 
most, theories deal with ideal cases. Scientists neither believe such theor- 
ies nor do they accept them as true. But neither does ‘disbelief? or ‘rejec- 
tion’ correctly characterize scientists’ attitudes toward such theories. 
Moreover, scientists often claim that a theory, even if unacceptable, de- 
Serves investigation, or warrants further elaboration. The logic of accep- 
tance and rejection is simply too restrictive to represent this range of 
cognitive attitudes. Unless we are prepared to say that such attitudes are 
beyond rational analysis—in which case most of science is non-rational— 
we need an account of evidential support which will permit us to say 
when theories are worthy of further investigation and elaboration. My 
view is that this continuum of attitudes between acceptance and rejec- 
tion can be seen to be functions of the relative problem-solving progress 
(and the rate of Progress) of our theories. A highly progressive theory 
may not yet be worthy of acceptance but its progress may well warrant 
further pursuit. A theory with a high initial rate of progress may deserve 
to be entertained even if its net problem-solving effectiveness—compared 
to some of its older and better-established tivals—is unsatisfactory. Meas- 
ures of a theory’s progress show promise for rationalizing this important 
range of scientific judgements. 

Theories and Research 
useful service when they d 


Our attention to theories so con- 
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backdrop of those more fundamental commitments. I call the cluster of 
beliefs which constitute such fundamental views ‘research traditions’. 
Generally, these consist of at least two components: (i) a set of beliefs 
about what sorts of entities and processes make up the domain of inquiry 
and (ii) a set of epistemic and methodological norms about how the do- 
main is to be investigated, how theories are to be tested, how data are 
to be collected, and the like. 

Research traditions are not directly testable, both because their onto- 
logies are too general to yield specific predictions and because their 
methodological components, being rules or norms, are not straightfor- 
wardly testable assertions about matters of fact. Associated with any 
active research tradition is a family of theories. Some of these theories, 
for instance, those applying the research tradition to different parts of 
the domain, will be mutually consistent while other theories, for instance 
those which are rival theories within the research tradition, will not. 
What all the theories have in common is that they share the ontology of 
the parent research tradition and can be tested and evaluated using its 


methodological norms. 

Research traditions serve severa! 
(a) they indicate what assumptions can ed as er 
‘background knowledge’ to all the scientists working in that tradition; 
(b) they help to identify those portions of a theory that are in difficulty 
and should be modified or amended; (c) they establish rules for the col- 
lection of data and for the testing of theories; (d) they pose conceptual 
problems for any theory in the tradition which violates the ontological 


and epistemic claims of the parent tradition. s : 
Adequacy and Promise. Compared to single theories, research tradi- 
tions tend to be enduring entities. Where theories may be abandoned and 
replaced very frequently, research traditions are usually long-lived, since 
they can obviously survive the demise of any of their subordinate theories. 
Research traditions are the units which endure through theory change 
and which establish, along with solved empirical problems, much of 
what continuity there is in the history of science. But even research 
traditions can be overthrown. To parece Nea bring the 
machi „solving assessment into the p. : ‘ 
pra aie: ened modalities of acceptance and pursuit 
are two features of theories, both related to problem-solving efficiency. 
Both of these features can be explained in terms of the problem-solving 
tself a function of the number and 


effectiveness of a theory, which is i 
importance of the empirical problems a theory has solved and of the 


anomalies and conceptual problems which confront it. One theory is 
more adequate (i.e. more acceptable) than a rival just in case the former 
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has exhibited a greater problem-solving effectiveness than the latter. One 
research tradition is more adequate than another just in case the en- 
semble of theories which characterize it at a given time are more ade- 
quate than the theories making up any rival research tradition. 

If our only goal was that of deciding which theory or research tradi- 
tion solved the largest number of problems, these tools would be suffi- 
cient. But there is a prospective as well as a retrospective element in 
scientific evaluation. Our hope is to move to theories which can solve 
more problems, including potential empirical problems, than we are now 
able to deal with. We seek theories which promise fertility in extending 
the range of what we can now explain and predict. The fact that one 
theory (or research tradition) is now the most adequate is not irrelevant 
to, but neither is it sufficient grounds for, judgements about promise or 
fertility. New theories and research traditions are rarely likely to have 
managed to achieve a degree of problem-solving effectiveness as high as 
that of old, well-established theories. How are we to judge when such 
novel approaches are worth taking seriously? A natural suggestion invol- 
ves assessing the progress or rate of progress of such theories and research 
traditions. That progress is defined as the difference between the problem- 
solving effectiveness of the research tradition in its latest form and its 
effectiveness at an earlier period. The rate of progress is a measure of how 
quickly a research tradition has made whatever progress it exhibits. 

Obviously, one research tradition may be less adequate than a rival, 
and yet more progressive. Acknowledging this fact, one might propose 
that highly progressive theories should be explored and pursued whereas 
only the most adequate theories should be accepted. Traditional philo- 


measures are appropri 


tion is and how rapidly it has progressed are different, if equally relevant, 
questions from asking how well supported the research tradition is. 


. Patterns of Scientific Change. According to Thomas Kuhn’s influen- 
tial view, science can 
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rival research traditions is the rule rather than the exception. It stresses 
the centrality of debates about conceptual foundations and argues that 
the neglect of conceptual issues (a neglect which Kuhn sees as central to 
the ‘normal’ progress of science) is undesirable. That the actual develop- 
ment of science is closer to the picture of permanent co-existence of 
rivals and the omnipresence of conceptual debate than to the picture of 
normal science seems clear. It is difficult, for instance, to find any lengthy 
period in the history of any science in the last 300 years when the 
Kuhnian picture of ‘normal science’ prevails. What seems to be far more 
common is for scientific disciplines to involve a variety of co-present 
research approaches (traditions). At any given time, one or other of 
these may have the competitive edge, but there is a continuous and per- 
sistent struggle taking place, with partisans of one view or another point- 
ing to the empirical and conceptual weaknesses of rival points of view 
and to the problem-solving progressiveness of their own approach. Dia- 
lectical confrontations are essential to the growth and improvement of 
scientific knowledge; like nature, science is red in tooth and claw. 
Science and the Non-Sciences. The approach taken here suggests that 
there is no fundamental difference in kind between scientific and other 
forms of intellectual inquiry. All seek to make sense of the world and 
of our experience. All theories, scientific and otherwise, are subject alike 
to empirical and conceptual constraints. Those disciplines that we call 
the ‘sciences’ are generally more progressive than the ‘non-sciences’; 
indeed, it may be that we call them ‘sciences’ simply because they are 
more progressive rather than because of any methodological or substan- 
tive traits they possess in common. If so, such differences as there are 
turn out to be differences of degree rather than of kind. Similar aims, 
and similar evaluative procedures, operate across the spectrum of intel- 
lectual disciplines. It is true, of course, that some of the ‘sciences’ utilize 
vigorous testing procedures which do not find a place in the non-sciences; 
but such testing procedures cannot be constitutive of science since many 
‘sciences’ do not utilize them. 
The quest for a specifically scientific form of knowledge, or for a 
demarcation criterion between science and non-science, has been an 
unqualified failure. There is apparently no epistemic feature or set of 
such features which all and only the ‘sciences’ exhibit. Our aim should 
be, rather, to distinguish reliable and well-tested claims to knowledge 
from bogus ones. The problem-solving model purports to provide the 
machinery to do this, but it does not assume that the distinction between 
warranted and unwarranted knowledge claims simply maps on to the 
science/non-science dichotomy. It is time we abandoned that linger- 
ing ‘scientistic’ prejudice which holds that ‘the sciences’ and sound 
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knowledge are co-extensive; they are not. Given that, our central con- 
cern should be with distinguishing theories of broad and demonstrable 
problem-solving scope from theories which do not have this property— 
regardless of whether the theories in question fall in areas of physics, 
literary theory, philosophy, or common sense. 

The Comparative Nature of Theory Evaluation. Philosophers of 
science have generally sought to characterize a set of epistemic and 
pragmatic features which were such that, if a theory possessed those 
features, it could be judged as satisfactory or acceptable independently 
of a knowledge of its rivals. Thus, inductivists maintained that once a 
theory passed a certain threshhold of confirmation, it was acceptable; 
Popper often maintained that if a theory made surprising predictions, it 
had ‘proved its mettle’. The approach taken here relativizes the accepta- 
bility of a theory to its competition. The fact that a theory has a high 
problem-solving effectiveness or is highly progressive warrants no judge- 
ments about the worth of the theory. Only when we compare its effec- 
tiveness and progress to that of its extant rivals are we in a position to 
offer any advice about which theories should be accepted, pursued, or 
entertained. 

Conclusion. Judging this sketch of a problem-solving model of science 
against the desiderata discussed at the beginning of the essay, it is clear 
that the model allows for the possibility that a theory may be accept- 
able even when it does not preserve cumulativity (specifically if the 
problem-solving effectiveness of the new exceeds the old). The model 
allows a rational role for controversies about the conceptual credentials 
of a theory; such controversies may even lead to progressive conceptual 
clarifications of our basic assumptions. By bringing the epistemic assump- 
tions of a scientist’s research tradition into the calculation of the ade- 
quacy of a theory, the model leaves scope for changing local principles 
of rationality in the development of science. Broadening the spectrum 
of cognitive modalities beyond acceptance and rejection is effected by 
the distinction between a theory’s effectiveness, its progress, and its 
rate of progress. The model explains how it may be rational for scientists 
to accept theories confronted by anomalies and why scientists are some- 
times loath to accept certain prima facie well-confirmed theories. Through 
its characterization of the aims of science, the model avoids attributing 
transcendent or unachieveable goals to science. Finally, the model 
rationalizes the ongoing co-existence of rival theories, showing why 
theoretical pluralism contributes to scientific progress. 

None of this establishes that the problem-solving approach, still 
embryonic in many respects, is a viable model of progress and ration- 
ality. What can be said, however, is that the model can accommodate 
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as rational a number of persistent features of scientific development 
which prevailing accounts of science view as intrinsically irrational. To 
that degree, it promises to be able to explain why science works as well 
as it does. 


VII 
HOW TO DEFEND SOCIETY 
AGAINST SCIENCE 
PAUL FEYERABEND 


FAIRYTALES 


I want to defend society and its inhabitants from all ideologies, science 
included. All ideologies must be seen in Perspective. One must not take 
them too seriously. One must read them like fairytales which have lots 
of interesting things to say but which also contain wicked lies, or like 
ethical prescriptions which may be useful rules of thumb but which are 
deadly when followed to the letter. 

Now-—is this not a strange and ridiculous attitude? Science, surely, 
was always in the forefront of the fight against authoritarianism and 
superstition. It is to science that we owe our increased intellectual free- 
dom vis-a-vis religious beliefs; it is to Science that we owe the liberation 
of mankind from ancient and rigid forms of thought. Today these forms 
of thought are nothing but bad dreams~and this we learned from science. 
Science and enlightenment are one and the same thing—even the most 
radical critics of society believe this. Kropotkin wants to overthrow all 
traditional institutions and forms of belief, with the exception of science. 
Ibsen criticises the most intimate ramifications of 19th century bourgeois 
ideology, but he leaves science untouched. Levi-Strauss has made us 
realise that Western Thought is not the lonely peak of human achieve- 
ment it was once believed to be, but he excludes science from his rela- 
tivization of ideologies. Marx and Engels were convinced that science 
would aid the workers in their quest for mental and social liberation. Are 


all these people deceived? Are they all mistaken about the role of science? 
Are they all the victims of a chimaera? 


To these questions my answer is a firm Yes and No. 
Now, let me explain my answer. 

My explanation consists of two Parts, one more general, one more 
specific. 

The general explanation is simple. Any ideology that breaks the hold a 
comprehensive system of thought has on the minds of men contributes 


From Radical Philosophy, 2, Summer 1975, pp. 4-8. By permission of the author 
and editors. 
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to the liberation of man. Any ideology that makes man question inherited 
beliefs is an aid to enlightenment. A truth that reigns without checks 
and balances is a tyrant who must be overthrown and any falsehood that 
can aid us in the overthrow of this tyrant is to be welcomed. It follows 
that 17th and 18th century science indeed was an instrument of liberation 
and enlightenment. It does not follow that science is bound to remain 
such an instrument. There is nothing inherent in science or in any other 
ideology that makes it essentially liberating, Ideologies can deteriorate 
and become stupid religions. Look at Marxism. And that the science of 
today is very different from the science of 1650 is evident at the most 
superficial glance. 

For example, consider the role science now plays in education. Scien- 
tific ‘facts’ are taught at a very early age and in the very same manner 
in which religious ‘facts’ were taught only a century ago. There is no 
attempt to waken the critical abilities of the pupil so that hemay be able 
to see things in perspective. At the universities the situation is even 
worse, for indoctrination is here carried out in a much more systematic 
manner. Criticism is not entirely absent. Society, for example, and its 
institutions, are criticised most severely and often most unfairly and this 
already at the elementary school level. But science is excepted from the 
criticism. In society at large the judgement of the scientist is received 
with the same reverence as the judgement of bishops and cardinals was 
accepted not too long ago. The move towards ‘demythologization’, for 
example, is largely motivated by the wish to avoid any clash between 
Christianity and scientific ideas. If such a clash occurs, then science is 
certainly right and Christianity wrong. Pursue this investigation further 
and you will see that science has now become as oppressive as the ideol- 
ogies it had once to fight. Do not be misled by the fact that today hardly 
anyone gets killed for joining a scientific heresy. This has nothing to do 
with science. It has something to do with the general quality of our civi- 
lization. Heretics in science are still made to suffer from the most severe 
sanctions this relatively tolerant civilization has to offer. 

But—is this description not utterly unfair? Have I not presented the 
matter in a very distorted light by using tendentious and distorting 
terminology? Must we not describe the situation in a very different way? 
I have said that science has become rigid, that it has ceased to be an 
instrument of change and liberation without adding that it has found 
the truth, or a large part thereof. Considering this additional fact we 
realise, so the objection goes, that the rigidity of science is not due to 
human wilfulness. It lies in the nature of things. For once we have dis- 
covered the truth—what else can we do but follow it? 

This trite reply is anything but original. It is used whenever an ideology 
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wants to reinforce the faith of its followers. ‘Truth’ is such a nicely 
neutral word. Nobody would deny that it is commendable to speak the 
truth and wicked to tell lies. Nobody would deny that—and yet nobody 
knows what such an attitude amounts to. So it is easy to twist matters 
and to change allegiance to truth in one’s everyday affairs into allegiance 
to the Truth of an ideology which is nothing but the dogmatic defence 
of that ideology. And it is of course not true that we have to follow the 
truth. Human life is guided by many ideas. Truth is one of them. Free- 
dom and mental independence are others. If Truth, as conceived by 
some ideologists, conflicts with freedom then we have a choice. We may 
abandon freedom. But we may also abandon Truth. (Alternatively, we 
may adopt a more sophisticated idea of truth that no longer contradicts 
freedom; that was Hegel’s solution.) My criticism of modern science is 
that it inhibits freedom of thought. If the reason is that it has found the 
truth and now follows it then I would say that there are better things 
than first finding, and then following such a monster. 

This finishes the general part of my explanation. 

There exists a more specific argument to defend the exceptional 
position science has in society today. Put in a nutshell the argument says 
(1) that science has finally found the correct method for achieving results 
and (2) that there are many results to prove the excellence of the method. 
The argument is mistaken—but most attempts to show this lead into a 
dead end. Methodology has by now become so crowded with empty 
sophistication that it is extremely difficult to perceive the simple errors 
at the basis. It is like fighting the hydra—cut off one ugly head, and eight 
formalizations take its place. In this situation the only answer is super- 
ficiality: when sophisitication loses content then the only way of keep- 


ing in touch with teality is to be crude and superficial. This is what I 
intend to be. 


AGAINST METHOD 

There is a method, says part (1) of the argument. What is it? How does 
it work? 

One answer which is no lon 

science works by collecting fact 

answer is unsatisfa 


logical sense. To say that they ma: 


ger as popular as it used to be is that 


be found (one of the problem is that we need 


a notion of support in which grey ravens can be said to support ‘All 
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Ravens are Black’). This was realised by conventionalists and transcen- 
dental idealists who pointed out that theories shape and order facts and 
can therefore be retained come what may. They can be retained because 
the human mind either consciously or unconciously carried out its order- 
ing function. The trouble with these views is that they assume for the 
mind what they want to explain for the world, viz. that it works in a 
regular fashion. There is only one view which overcomes all these diffi- 
culties. It was invented twice in the 19th century, by Mill, in his im- 
mortal essay On Liberty, and by some Darwinists who extended Darwin- 
ism to the battle of ideas. This view takes the bull by the horns: theories 
cannot be justified and their excellence cannot be shown without refer- 
ence to other theories. We may explain the success of a theory by refer- 
ence to a more comprehensive theory (we may explain the success of 
Newton’s theory by using the general theory of relativity); and we may 
explain our preference for it by comparing it with other theories. Such 
a comparison does not establish the intrinsic excellence of the theory 
we have chosen. As a matter of fact, the theory we have chosen may be 
pretty lousy. It may contain contradictions, it may conflict with well 
known facts, it may be cumbersome, unclear, ad hoc in decisive places 
and so on. But it may still be better than any other theory that is avail- 
able at the time. It may in fact be the best lousy theory there is. Nor 
are the standards of judgement chosen in an absolute manner. Our 
sophistication increases with every choice we make, and so do our 
standards. Standards compete just as theories compete and we choose 
the standards most appropriate to the historical situation in which the 
choice occurs. The rejected alternatives (theories; standards; facts’) are 
not eliminated. They serve as correctives (after all, we may have made 
the wrong choice) and they also explain the content of the preferred 
views (we understand relativity better when we understand the structure 
of its competitors; we know the full meaning of freedom only when we 
have an idea of life in a totalitarian state, of its advantages—and there 
are many advantages—as well as of its disadvantages). Knowledge so 
conceived is an ocean of alternatives channelled and subdivided by an 
ocean of standards. It forces our mind to make imaginative choices and 
thus makes it grow. It makes our mind capable of choosing, imagining, 
criticising. 

Today this view is often connected with the name of Karl Popper. 
But there are some very decisive differences between Popper and Mill. 
To start with, Popper developed his view to solve a special problem of 

i f i blem’. Mill, on the other 
epistemology—he wanted to solve ‘Hume’s pro 3 ; : 
hand, is interested in conditions favourable to human growth. His epis- 


temology is the result of a certain theory of man, and not the other way 
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around. Also Popper, being influenced by the Vienna Circle, improves 
on the logical form of a theory before discussing it while Mill uses every 
theory in the form in which it occurs in science. Thirdly, Popper’s stan- 
dards of comparison are rigid and fixed while Mill’s standards are per- 
mitted to change with the historical situation. Finally, Popper’s standards 
eliminate competitors once and for all: theories that are either not falsi- 
fiable, or falsifiable and falsified have no place in science. Popper’s criteria 
are clear, unambiguous, precisely formulated; Mill’s criteria are not. This 
would be an advantage if science itself were clear, unambiguous, and 
precisely formulated. Fortunately, it is not. 

To start with, no new and revolutionary scientific theory is ever 
formulated in a manner that permits us to say under what circumstances 
we must regard it as endangered: many revolutionary theories are un- 
falsifiable. Falsifiable versions do exist, but they are hardly ever in 
agreement with accepted basic statements: every moderately interesting 
theory is falsified. Moreover, theories have formal flaws, many of them 
contain contradictions, ad hoc adjustments, and so on and so forth. 
Applied resolutely, Popperian criteria would eliminate science without 
replacing it by anything comparable. They are useless as an aid to science. 

In the past decade this has been tealised by various thinkers, Kuhn 
and Lakatos among them. Kuhn’s ideas are interesting but, alas, they are 
much too vague to give rise to anything but lots of hot air. If you don’t 
believe me, look at the literature. Never before has the literature on the 
philosophy of science been invaded by so many creeps and incompetents. 
Kuhn encourages people who have no idea why a stone falls to the ground 
to talk with assurance about scientific method. Now I have no objection 


4 f we get boring ideas or words connected 
with no ideas at all. Secondly, wherever one tries to make Kuhn’s ideas 


Lakatos is immeasurably more sophisticated than Kuhn. Instead of 
theories he considers research 
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if the sequence of theories leads to novel predictions. It is said to degener- 
ate if it is reduced to absorbing facts that have been discovered without 
its help. A decisive feature of Lakatos’ methodology is that such evalu- 
ations are no longer tied to methodological rules which tell the scientist 
to either retain or to abandona research programme. Scientists may stick 
to a degenerating programme, they may even succeed in making the 
programme overtake its rivals and they therefore proceed rationally with 
whatever they are doing (provided they continue calling degenerating 
programmes degenerating and progressive programmes progressive). This 
means that Lakatos offers words which sound like the elements of a 
methodology; he does not offer a methodology. There is no method 
according to the most advanced and sophisticated methodology in exist- 
ence today. This finishes my reply to part (1) of the specific argument. 


AGAINST RESULTS 


According to part (2), science deserves a special position because it has 
produced results. This is an argument only if it can be taken for granted 
that nothing else has ever produced results. Now it may be admitted that 
almost everyone who discusses the matter makes such an assumption. It 
may also be admitted that it is not easy to show that the assumption is 
false. Forms of life different from science have either disappeared or 
have degenerated to an extent that makes a fair comparison impossible. 
Still, the situation is not as hopeless as it was only a decade ago. We have 
become acquainted with methods of medical diagnosis and therapy which 
are effective (and perhaps even more effective than the corresponding 
parts of Western medicine) and which are yet based on an ideology that 
is radically different from the ideology of Western science. We have 
learned that there are phenomena such as telepathy and telekinesis which 
are obliterated by a scientific approach and which could be used to do 
research in an entirely novel way (earlier thinkers such as Agrippa of 
Nettesheim, John Dee, and even Bacon were aware of these phenomena). 
And then—is it not the case that the Church saved souls while science 
often does the very opposite? Of course, nobody now believes in the 
ontology that underlies this judgement. Why? Because of ideological 
pressures identical with those which today make us listen to science to 
the exclusion of everything else. It is also true that phenomena such as 
telekinesis and acupuncutre may eventually be absorbed into the body 
of science and may therefore be called ‘scientific’. But note that this 
happens only after a long period of resistance during which a science not 
yet containing the phenomena wants to get the upper hand over forms 
of life that contain them. And this leads to a further objection against 
part (2) of the specific argument. The fact that science has results counts 
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in its favour only if these results were achieved by science alone, and 
without any outside help. A look at history shows that science hardly 
ever gets its results in this way. When Copernicus introduced a new view 
of the universe, he did not consult scientific predecessors, he consulted 
a crazy Pythagorean such as Philolaos. He adopted his ideas and he main- 
tained them in the face of all sound mules of scientific method. Mechanics 
and optics owe a lot to artisans, medicine to midwives and witches. And 
in our own day we have seen how the interference of the state can advance 
science: when the Chinese communists refused to be intimidated by the 
judgement of experts and ordered traditional medicine back into uni- 
versities and hospitals there was an outcry all over the world that science 
would now be ruined in China. The very opposite occurred: Chinese 
science advanced and Western science learned from it. Wherever we look 
we see that great scientific advances are due to outside interference 
which is made to prevail in the face of the most basic and most ‘rational’ 
methodological rules. The lesson is plain: there does not exist a single 
argument that could be used to support the exceptional role which 
science today plays in society. Science has done many things, but so 
have other ideologies. Science often proceeds systematically, but so do 
other ideologies (just consult the records of the many doctrinal debates 
that took place in the Church) and, besides, there are no overriding rules 
which are adhered to under any circumstances; there is no ‘scientific 
methodology’ that can be used to separate science from the rest. Science 
is just one of the many ideologies that propel society and it should be 
treated as such (this statement applies even to the most progressive and 
most dialectical sections of science). What consequences can we draw 
from this result? 

The most important consequence is that there must be a formal 
separation between state and science just as there is now a formal sep- 
aration between state and church. Science may influence society but 
only to the extent to which any political or other pressure group is per- 
mitted to influence society. Scientists may be consulted on important 
projects but the final judgement must be left to the democratically 
elected consulting bodies, These bodies will consist mainly of laymen. 
Will the layment be able to come to acorrect judgement? Most certainly, 
for the competence, the complications and the successes of science are 
vastly exaggerated. One of the mos i 
how a lawyer, who is a layman, can find holes in the testimony, the 
technical testimony of the most ad 
jury for its verdict. Science is nota 
after years of training. It is an intelle 
and criticised by anyone who is interested and that looks difficult and 
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ee only because of a systematic campaign of obfuscation carried 
a nef E scientists (though, I am happy to say, not by all). Organs 
ai ce e should never hesitate to reject the judgement of scientists 

en they have reason for doing so. Such rejection will educate the 
general public, will make it more confident and it may even lead to 
pe aENT: Considering the sizeable chauvinism of the scientific 
teini ent we can say: the more Lysenko affairs the better (it is not 
ithe | ore of the state that is objectionable in the case of Lysenko, 
Be e litarian interference which kills the opponent rather than just 
iG ea g An advice). Three cheers to the fundamentalists in California 
bo cceeded in having a dogmatic formulation of the theory of evol- 
bie —_e from the text books and an account of Genesis included 
selene wth that they would become as chauvinistic and totalitarian as 
ists are today when given the chance to run society all by them- 
r ves. Ideologies are marvellous when used in the company of other 
ao They become boring and doctrinaire as soon as their merits 
i o the removal of their opponents). The most important change, 

owever, will have to occur in the field of education. 


EDUCATION AND MYTH 

d think, is to introduce the young 
born and into 
ethod of edu- 


The purpose of education, so one woul 
n life, and that means: into the society where they are 
e physical universe that surrounds the society. The m 
cation often consists in the teaching of some basic myth. The myth is 
available in various versions. More advanced versions may be taught by 
initiation rites which firmly implant them into the mind. Knowing the 
myth the grown-up can explain almost everything (or else he can turn 
to experts for more detailed information). He is the master of Nature 
and of Society. He understands them both and he knows how to inter- 
act with them. However, he is not the master of the myth that guides 
his understanding. 
5 Such further mastery was aime 
tesocratics. The Presocratics not on 
They also tried to understand, and thus 
means of understanding the world . Instead of beingcontent with asingle 
myth they developed many and so diminished the power which a well- 
told story has over the minds of men. The sophists introduced still fur- 
ther methods for reducing the debilitating effect of interesting, coherent, 
empirically adequate’ etc. etc. tales. The ‘achievements of these thinkers 
were not appreciated and they certainly are not understood today. When 
teaching a myth we want to increase the chance that it will be under- 
Stood (i.e. no puzzlement about any feature of the myth), believed, and 


d at, and was partly achieved, by the 
ly tried to understand the world. 
to become the masters of, the 
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accepted. This does not do any harm when the myth is counterbalanced 
by other myths: even the most dedicated (i.e. totalitarian) instructor in 
a certain version of Christianity cannot prevent his pupils from getting 
in touch with Buddhists, Jews and other disreputable people. It is very 
different in the case of science, or of rationalism where the field is almost 
completely dominated by the believers. In this case it is of paramount 
importance to strengthen the minds of the young and ‘strengthening the 
minds of the young’ means strengthening them against any easy accept- 
ance of comprehensive views. What we need here is an education that 
makes people contrary, counter-suggestive without making them in- 
capable of devoting themselves to the elaboration of any single view. 
How can this aim be achieved? 

It can be achieved by protecting the tremendous imagination which 
children possess and by developing to the full the spirit of contradiction 
that exists in them. On the whole children are much more intelligent 
than their teachers. They succumb, and give up their intelligence because 
they are bullied, or because their teachers get the better of them by 
emotional means. Children can learn, understand, and keep separate two 
to three different languages (‘children’ and by this I mean 3 to 5 year 
olds, NOT eight year olds who were experimented upon quite recently 
and did not come out too well; why? because they were already loused 
up by incompetent teaching at an earlier age). Of course, the languages 
must be introduced in a more interesting way than is usually done. There 
are marvellous writers in all languages who have told marvellous stories 
—let us begin our language teaching with them and not with ‘der Hund 
nanities. Using stories we may of course 
also introduce ‘scientific’ accounts, say, of the origin of the world and 
ed with science as well. But science must 
not be given any special Position except for pointing out that there are 
lots of people who believe in it. Later on the stories which have been 


g > they will be scientists because they have 
made a free choice. But has n i 
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subjects and will this not detract from their competence once they have 
become scientists? Not at all! The progress of science, of good science, 
depends on novel ideas and on intellectual freedom: science has very 
often been advanced by outsiders (remember that Bohr and Einstein 
regarded themselves as outsiders). Will not many people make the wrong 
choice and end up ina dead end? Well, that depends on what you mean 
by a ‘dead end’. Most scientists today are devoid of ideas, full of fear, 
intent on producing some paltry result so that they can add to the flood 
of inane papers that now constitutes ‘scientific progress’ in many areas. 
And, besides, what is more important? To lead a life which one has 
chosen with open eyes, or to spend one’s time in the nervous attempt 
of avoiding what some not so intelligent people call ‘dead ends”? Will 
not the number of scientists decrease so that in the end there is nobody 
to run our precious laboratories? I do not think so. Given a choice many 
people may choose science, for a science that is run by free agents looks 
much more attractive than the science of today which is run by slaves, 
slaves of institutions and slaves of ‘reason’. And if there is a temporary 
shortage of scientists the situation may always be remedied by various 
Kinds of incentives. Of course, scientists will not play any predominant 
role in the society I envisage. They will be more than balanced by ma- 
gicians, or priests, or astrologers. Such a situation is unbearable for many 
people, old and young, right and left. Almost all of you have the firm 
belief that at least some kind of truth has been found, that it must be 
preserved, and that the method of teaching I advocate and the form of 
society I defend will dilute it and make it finally disappear. You have 
this firm belief; many of you may even have reasons. But what you have 
to consider is that the absence of good contrary reasons is due toa his- 
torical accident: it does not lie in the nature of things. Build up the kind 
of society I recommend and the views you now despise (without know- 
ing them, to be sure) will return in such splendour that you will have to 
Work hard to maintain your own position and will perhaps be entirely 
unable to do so. You do not believe me? Then look at history. ae 
fic astronomy was firmly founded on Ptolemy and Aristotle, two 2 al 
greatest minds in the history of Western Thought. Who uoe 
argued, empirically adequate and precisely formulated system: hii a 
the mad and antediluvian Pythagorean. How was it that Philolaos co’ 


stage su $ n able defender: Copernicus. 
ge such a comeback; Because he found a! a eein PE 


f course * am 
, you may follow your intuitions as A 
remember that your intuitions are the result of your ea 
where by science I also mean the science of Karl Marx. My trai eel 


sci i e 
rather, my non-training, is that of a journalist who isinterested În ae 
and bizarre events. Finally, is it not utterly irresponsible, in the p 
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world situation, with millions of people starving, others enslaved, down- 
trodden, in abject misery of body and mind, to think luxurious thoughts 
such as these? Is not freedom of choice a luxury under such circum- 
stances; Is not the flippancy and the humour I want to see combined 
with the freedom of choice a luxury under such circumstances? Must 
we not give up all self-indulgence and act? Join together, and act? That 
is the most important objection which today is raised against an approach 
such as the one recommended by me. It has tremendous appeal, it has 
the appeal of unselfish dedication. Unselfish dedication—to what? Let 
us see! 

We are supposed to give up our selfish inclinations and dedicate our- 
selves to the liberation of the oppressed. And selfish inclinations are 
what? They are our wish for maximum liberty of thought in the society in 
which we live now, maximum liberty not only of an abstract kind, but 
expressed in appropriate institutions and methods of teaching. This wish 
for concrete intellectual and physical liberty in our own surroundings is 
to be put aside, for the time being. This assumes, first, that we do not 
need this liberty for our task. It assumes that we can carry out our task 
with a mind that is firmly closed to some alternatives. It assumes that the 
correct way of liberating others has already been found and that all that 
is needed is to carry it out. I am sorry, I cannot accept such doctrinaire 
self-assurance in such extremely important matters. Does this mean that 
we cannot act at all? It does not, Butit means that while acting we have to 
try to realise as much of the freedom I have recommended so that our 


of the ideas we get while increasing 


T n, no doubt, but are we supposed to 
charge ahead simply because some people tell us that they have found 


an explanation for all the misery and an excellent way out of it? Also we 
want to liberate people not to make them succumb to a new kind of 
slavery, but to make them realise their own wishes, however different 
these wishes may be from our own. Self-righteous and narrowminded 
liberators cannot do this. As a rule they soon impose a slavery that is 
worse, because more systematic, than the very sloppy slavery they have 
removed. And as regards humour and flippancy the answer should be 
obvious. Why would anyone want to liberate anyone 
because of some abstract advantage of liberty but beca 
best way to free developmentand thus to happiness. We want to liberate 
people so that they can smile. Shall we be able to do this if we ourselves 
have forgotten how to smile and are frowning on those who still re- 
member? Shall we then not spread another disease, comparable to the 
one we want to remove, the disease of puritanical Self-righteousness? 
Do not object that dedication and humour do not go together—Socrates 


else? Surely not 
use liberty is the 
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is an excellent example to the contrary. The hardest task needs the 
lightest hand or else its completion will not lead to freedom but to a 
tyranny much worse than the one it replaces. 
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French writer Gaston Bachelard (1884-1962) was, from the 1920s, making great 
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opment—so there is a longer tradition of attention to discontinuity in the history 
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Butterfield (1900-79), whose [16] is still one of the best introductions to ‘the’ 
scientific revolution of the seventeenth century. In the preface to [1], Kuhn 
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II. DUDLEY SHAPERE 

Shapere’s review [24] of Kuhn was one of the best immediate responses to [1]. 

His book on Galileo is a useful complement to Feyerabend’s use of Galileo in 

[67], especially when taken together with Machamer’s critique of Feyerabend 

[66]. Shapere’s most recent work in the philosophy of science is [26], printed in 

a book with numerous papers on these topics by other writers. In [27], [28], and 

[29] he, Giere, and McMullin discuss the extent to which history could possibly 

matter to philosophy. 
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jointly introduce 5 
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starting-point is perhaps Campbell's [30], originally published in 1920 as P, yale, 
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meaning that gives rise to theses about incommensurability. He insisted (against 
Campbell and his successors) that the reference of theoretical terms may remain 
constant even though theories change radically. His [36] and [37] are good examples 
of this idea, and many more influential essays are collected in [38]. His ideas about 
reference have been connected with a very strong advocacy of scientific realism, 
but [39], which is work in Progress, indicates a shift in this position. 
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IV. SIR KARL POPPER 


Popper’s fundamental work, The Logic of Scientific Discovery, was published in 
German in 1934. [40] is a much expanded version of this. [41] is a collection of 


more recent work in which he presents the idea of a ‘third world’ of knowledge, 

separated from the physical and mental worlds—an ‘epistemology without the 

knowing subject’. 
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V. IMRE LAKATOS 


Lakatos often refers to two earlier historian-philosophers. William Whewell (1794- 
1866), long-time Master of Trinity College, Cambridge 
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the ‘scientific revolution’ 
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Lakatos’s dialogue [48] on the nature of mathematical reasoning is a highly original 
appltcatión of Popper’s idea of ‘conjectures and refutations’. In 1965, three years 
i ter the publication of Kuhn’s classic, Lakatos organized a conference which was 
o be, in part, a confrontation between the ideas of Kuhn and Popper. Therelevant 
Beis ate published in [49], and include works by Kuhn, Popper, Feyerabend, 
i pri and others. However the most important essay in the book is [50], written 
a fea the conference, and containing Lakatos’s chief contributions to the phil- 
ie 3 A of science. All his works except [48] are reprinted in [51]. Some work 

A u ents of Lakatos, and observations by Feyerabend, are to be found in [52], 
while [53] is an assessment, by numerous hands, of the work of this school. 
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Some observations on the history of meth b $ 
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Some of Feyerabend’s opinions originated from a scepticism about the development 
of quantum mechanics, as is indicated in [60]. Among his well-known papers m 
the philosophy of science are [62] and [63]. At present (1980) he says that, 0 
statements written in the early 1960s, he prefers his contribution to [64], which 
is a reply to a valuable discussion by J. J. C. Smart. His use of Galileo is criticized 
in [66]. The best-known statement of his views is in [67] (which includes more 
on Galileo). He replies to critics of that book in [68]. Many of his papers are col- 
lected in [69]. [70] is a hostile criticism of Laudan’s [59]. 


[60] Feyerabend, Paul, ‘Problems of Microphysics’, in Frontiers of Science and 
Philosophy (ed. R. Colodny Pittsburgh: Pittsburgh University Press, 1962), 
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Space and Time, (eds. H. Feigl and G. Maxwell. Minnesota Studies in the 
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[63] —, ‘Problems of Empiricism’, in Beyond the Edge of Certainty (ed. R- 
Colodny, Englewood Cliffs, NJ: Prentice Hall, 1965). J 
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Frank eds. R. S. Cohen and M. Wartofsky, Boston Studies in the Philosophy 
of Science, ii, New York: Humanities Press, 1965), 157-71. Sellars, Wilfred, 
‘Scientific Realism or Irenic Instrumentalism’, ibid. 171-204. Putnam [36]- 
Feyerabend, Paul, ‘Reply’, ibid. 223-62. 

[66] Machamer, Peter, ‘Feyerabend and Galileo: the Interaction of Theories and 


the Reinterpretation of Experience’, Studies in History and Philosophy of 
Science, 4 (1971), 1-46. 
[67] Feyerabend, Paul, Against Method (London: New Left Books, 1977). 
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VIII. OTHER APPROACHES 


What follows is an exceptionally diverse series of suggested readings. First, Joseph 
Sneed has attempted a development of some of Kuhn’s ideas using some of the 
techniques of formal logic. Perhaps the easiest brief summary of this approach is 
given by Stegmiiller [71]; it is part of a symposium with Sneed and Kuhn. This 
approach has been called ‘structuralist’ but it has nothing in common with the Paris- 
originated philosophical movement called structuralism. [72] is one of several 


technical developments of this work, and [73] isa less formal discussion, prompted 
by criticisms from Feyerabend. 


[71] Stegmiiller, Wolfgang, ‘Accidental (“Non-substantial”) Theory Change and 
Theory Dislodgement’ in Historical and Philosophical Dimensions of Logic, 
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Methodology and Philosophy of Science (eds. R. E. Butts and J. Hintikka, 
Dordrecht: Reidel, 1977), 269-88. 
[72] —, Structure and Dynamics of Theories (trans. W. Wohlheuter, New York: 
Springer, 1976). 
[73] ead Construction, Structure and Rationality (New York: Springer, 
is Historian of science Gerald Holton has introduced the notion of ‘themata‘ to 
iscuss broad and persisting strategies in scientific research; this is an idea which 
usefully contrasts with Kuhn’s ‘paradigm’. [74] is a systematic presentation of the 
concept, and [75] is a collection of essays, including a vivid criticism of many 
current strands in the history-cum-philosophy of science, ‘Dionysians, Apollonians 
and the Scientific Imagination’. 


[74] Holton, Gerald, Thematic Origins of Scientific Th 


Harvard University Press, 1975). 
[75] —, The Scientific Imagination (Cambridge: Cambridge University Press, 


1978). 
In varying degrees all the writers anthologized above emphasize the public aspect 
of scientific research—Lakatos’s idea of internal history provided in article V is 
merely the extreme version of a current tendency. Little is said about what goes 
on in the mind of the scientist. Michael Polanyi has written two wise, learned, and 
engaging books with an opposite perspective, as their titles already suggest: 
[76] Polyani, Michael, Personal Knowledge: Towards a Post-Critical Philosophy 


(London: Routledge and Kegan Paul, 1958). 
[77] —, The Tacit Dimension (London: Routledge and Kegan Paul, 1966). 
on with items (13]-[17], 


As was stated earlier in this bibliography, in connecti 
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the idea of scientific revolution is not new- Fol ere has, t 3 
out this century, been a French tradition of studying sharp discontinuities in bodies 
of knowledge. The idiom and to some extent the problems 
are different from work written in English, but there ar verlag 
portant things to learn. The mos! French writers in this area 
is undoubtedly Michel Foucault. [78] is a r rich study of the sciences 
of ‘life, labour and language’ from the seven the present, which 
seeks to draw philosophical morals about the nature of the human sciences. Many 
readers find it easier to read the more specific studies of madness [79] or clinical 
medicine [80]. [81] is a somewhat opaque account of Foucault's methodology, 
while [82] turns to the relations between knowledge and power, taking the peni- 
tentiary for an example. A brief comparison between Kuhn and Foucault is fur- 


nished by [83]. 
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a 


176 BIBLIOGRAPHY 


The pioneer in the sociology of science is Robert Merton. His [84], first published 
in 1938, is still much discussed for its theses about the connections between the 
religious social milieu and the development of new technology during the scientific 
revolution of the seventeenth century. One of his starting-points in later work has 
been the fact that many discoveries are ‘twinned’—independent workers make them 
at about the same time [85], [86]. Many of his important papers are collected in 
[87]. 
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[85] —, ‘Priorities in Scientific Discovery’, American Sociological Review, 22 
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European Journal of Sociology, 4 (1963), 237-82. Reprinted in [87], 
371-82. 
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N. W. Storer, Chicago: Chicago University Press, 1973). 


[88] Habermas, Jurgen, Knowledge and Human Interests, (trans. J, J. Shapiro, 
London: Heinemann, 1972). 


[89] McCarthy, Joseph, The Critical Theory of Jürgen Habermas, (London: 
Hutchinson, 1978). 
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Routledge and Kegan Paul, 1974) g E ee 
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Finally, for a return to rationalism and a critique of what the author calls the new 
fuzziness that Kuhn introduced into the philosophy of science, see [95]. 


[95] Glymour, Clark, Theory and Evidence, Princeton: University Press, 1979. 
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